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DEFINITIONS

Acceptable Risk Rangeancer risk greateghan or equal tone additional cancer in 1,000,000
(1E-06), but less than cequal toone additional cancer in 10,0Q0TE-04) or anoncancer
hazard index less than or equal to.one

Action Level the existence of a contaminant concentration in the environment that is high
enough to warrant an action or triggereaponse action.

Adverse Effectany effect that causes harm to the normal functioningasfts animals or
humans due to exposure to any contaminants of concern.

Appropriate Site Management Activitieseasures that are reasonable aradtical that will be
taken to control and reduce risks greater tHa#®0@and less thanB:04 for carcinogen and
hazard index equal to or less than one forcantinogens under both current and
reasonably anticipated future land use conditions, for plgrmstitutional controls,
engineering controls, groundwater monitoring, presure care, or corrective action and
ensuring that assumptions made in the estimation of cancer risk aicdmuer hazard in
the risk assessment report are not violated.

Assessment Endpointan explicit expression of environmental value that is to be protected. Itis
the part of the ecosystem that should be protecte@agpexrfund siteand it is generally
some characteristic of a species of plant or animal, for examepi®duction, growth, that
may be described numerically.

Backgroundmeasurementthat are not influenced by releases from a dtackground
constituents may beaturally occurring in the environment in forms that have not been
influenced by human activity enay benatural and humamade substances present in the
environmentesulting fromanthropogenic activities and not related to the site.

Background ThreshdlValue (BTV): asingle value most often used to represent soil background
levels The BTV may be a default level established by@ihasion of Waste Management
and Radiation ControDWMRC), a surrogate level from another facility, or a-sipecific
level. This level is used to determine what constituents are present due to natural or
anthropogenic levels or are representative of contamination.

Boundary the furthest extent where contamination from a defined source has migrated in any
medium when theelease is first identifiedThis is often referred to as extent, when
defining nature and extent of contamination.

Cancer Riskthe probability that an individual with contract cancer after lifetime exposure to a
carcinogen.

Censored Data Sets: Datdssthat contain one or more observations which are nondetects.

vii
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Cleanupthe range of corrective action activities that occur in the context of addressing
environmental contamination Resource Conservation and Recovery &RERA) sites to
lower contaminat concentration or decrease chemical toxicity. Activities may inddude
are not limited tavaste removal, contaminated media removal or source reduction, such as
excavation or pumping, iplace treatment of waste or contaminated media, such as
bioremedation, monitored natural attenuatiomydraulic control and/ocontainment of
waste or contaminated media, such as barrier walls, low permeability covers, liners or
capping, or various combination of these approaches.

Complete Exposure Pathwadn exposue pathway is the link between a contaminant source
and a receptotSnited States Environmental Protection Agendys. EPA, 1991) A
complete exposure pathway is one in which the stressor can be traced or expected to travel
from the source to a receptbiat can be affected by that stresandshall meet the
following: (1) the presence of a source and transg@ytexposure point or contact
(receptor); and3) exposure routeOtherwisg exposure is incomplete.

Conceptual Site Mod€CSM): a written, illustrative, or both, representation of a site that
documents the physical, chemical and biological processes that control the transport,
migration, actual or potential, or both impacts of contamination in soil, air, ground water,
surface wate sediments, to human or ecological receptors, or both, exposure pathways, at a
site or at a reasonably anticipated site under both current and potential future land use
scenarios.

Contaminag¢: to make a medium polluted through the introduction of harerdvaste or
hazardous constituents as identifiedJtah Administrative Codd JAC) R315261-1092,
which incorporates by reference @0de of Federal RegulationSKER) Part261, Appendix
VIII.

Contaminant of ConceffCOC). Constituents of Potential Coneethat significantly contribute
to a pathway in a land use scenario for a receptor that either exceeds a cumulative cancer
risk of 1E-04 or exceeds a necancer hazard index of one.

Constituents of Potential Concf@OPC) constituents detected in a met that are selected to
be addressed in the risk assessment process because contact with humans may result in
adverse effects.

Constituents of Potential Ecological Conc€@OPEC) any constituent that is shown to pose
possible ecological risk at a site. Itis generally a constituent that may or may not be causing
risk or adverse effects to plants and animals at a site.

Corrective Actionthe cleaning up of environmental problecasised by the mismanagement of
wastes, or the cleanup process or program under RCRA and any activities related to the
investigation, characterization, and cleanup of release of hazardous waste or hazardous
constituents from solid waste management unitsagaardous waste management units at a
permitted or interim status treatment storage or disposal facilities or voluntary cleanup sites
or brownfield sites.

viii
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Corrective Action Complete With Controls condition of a solid waste management unit, a
hazardousvaste management unit, an area of contamination or a contaminated site where
site characterization or risk assessment indicate corrective action is required and completed
and the results of the risk assessment meet the closure standards and requirenikeds sp
in UAC R315101-7(b), or a condition of a solid waste management unit, a hazardous waste
management unit, area of contamination or a contaminated site where site characterization
or risk assessment indicate corrective action is not required bunalsts the closure
standards and requirements specifiedAC R315101-7(b).

Corrective Action Complete Without Controbs condition of a solid waste management unit, a
hazardous waste management unit, area of contamination or a contaminated siggtevhere
characterization or risk assessment indicate corrective action is required and completed and
the results of the risk assessment meet the closure standards and requirements equivalent to
a no further action or meeting the requirementdAC R315101-7(a) or a condition of a
solid waste management unit, a hazardous waste management unit, area of contamination or
a contaminated site when site characterization or risk assessment indicate corrective action
is not required but also meets the closure stalsdand requirements equivalent to a no
further action or meeting the requirement&J&C R315101-7(a).

Corrective Action Levelthe concentration of a contaminant in a medium after cleanup of a site
that is protective of human health and the environment

Data Quality ObjectiveDQO): qualitative and quantitative statements of the quality of data
needed to support specific decisions or regulatory actions.

Detection Limit: a measure of the capability of an analytical method to distinguish samples that
do not contain a specific analyte from samples that contain low concentrations of the
analyte. It is the lowest concentration or amount of the target analyte that can be determined
to be different from zero by a single measurement at a stated level abjitgb Detection
limits are analyte and matrspecific and are laboratodependent.

Dilution Attenuation FactofDAF): the ratio of the contaminant concentration in soil leachate to
the concentration in groundwater at the receptor point.

DoseResponse Assessment: this descritmes the likelihood and severity of adverse health
effects (the responses) are related to the amount and condition of exposure to an agent (the
dose provided)Typically, as the dose increases, the measured resplsos@creases
although not linear in relationshig\t low doses there may be no respondesome level
of dose the responses begin to occur in a small fraction of the study population or at a low
probability rate.Both the dose at which responsegipeto appear and the rate at which it
increases given increasing dose can be variable between different pollutants, individuals,
exposure routes, etc.

Environmen: the surroundings or conditions in which a person, animal, or plant lives or
operates.
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Exposure contact of an organism with a chemical or physical agent and it is the amount of the
agent available at the exchange boundaries of the organism.

Exposure Assessmettlite process of measuring or estimating the magnitude, frequency, and
duration of @posure to aonstituenin theenvironment oestimating future exposures for a
constituenthat has not yet been releasddhe exposure assessmanswers the question of
how much of the pollutant are receptors exposure to during a specific time period.

Exposure Pathwayhe course a chemical or physical agent takes from a source to an exposed
organism.

Exposure Point Concentrati¢PC) either amaximum detected value orstatistical derivation
of measured or modeled data that represents an estifthechemical concentration
available from a particular medium or route of exposure. The exposure point concentration
value is used to quantify potential cancer risks andaamter hazards.

Groundwater Cleanup Levelsite-specificgroundwater chemical concentration levels based on
groundwater use designation and exposure pathway established to ensure the protection of
human health and the environment when defining groundwater cleanup objectives.

Groundwater Usehe current or reamably expected maximum beneficial use of groundwater
that warrants the most stringent cleanup levels, including drinking or other uses.

Hazard Identification: the process of determining whether exposure to a stressor can cause an
increase in the inciderof specific adverse health effechis process in the risk
assessment answers the question of what health problems, either human or ecological, are
caused by the pollutant.

Hazard IndexXH]I): the sum of hazard quotients.

Hazard Quotient(HQ) theratio of the potential exposure to a substance and the level at which
no adverse effects are expected. The HQ is calculated to evaluate the potential for non
cancer health hazards to occur from exposure to a contamiaitQ may be calculated
for humanhealth or ecological receptors.

Lowest Observed Adverse Effects Le(leDAEL) or Lowest Observed Adverse Effects
Concentratiof{LOAEC): the lowest level of a chemical stressor evaluated in a toxicity test
that shows harmful effects on a plant or aninfalLOAEL is based on dose of a chemical
ingested whilea LOAECrefers to direct exposure to a chemical such as through the skin.

Maximum Contaminant Leve[MCL): the highest level of a contaminant that is allowed in
drinking water and is set as close to the "Maximum Contaminant Level Goal" as feasible
using the best available treatment technology and taking cost into consideration. Maximum
Contaminant Levels are enforceable standards.



June 203

Maximum Contaminant Level GO&@MCLG): the level of a contaminant in drinking water
below which there is no known or expected risk to health. Maximum Contaminant Level
Goals allow for a margin of safety aate norenforceable public health goals.

Measures of Effectgjuantitative measurements of effects expressed as statistical or numerical
assessment endpoint summaries of the observations that make up the measurement.

Measurement End Poird measurablecelogical characteristic that is related to the valued
characteristic chosen as the assessment endpoint and it is a measure of biological effects
such as death, reproduction, or growth, of a particular species.

Natural Resource$and, fish, wildlife, bida, air, water, ground water, drinking water supplies,
and other similar resources.

No Further Action(NFA): the state of a solid waste management unit, a hazardous waste
management unit, or a contaminated site at closure meeting the requirenth@GRB15
101-7(a) and it is equivalent to corrective action complete without controls if the site was
under corrective action activities. No further action is equivalent to unrestricted land use.

Nonparametric: A term describing statistical methods that tlassume a particular population
probability distribution andare therefore valid for data from any population with any
probability distribution, which can remain unknown.

No Observed Adverse Effects LeBIOAEL) or No Observed Adverse Effects Concemnbrat
(NOAEC): the highest level of a chemical stressor in a toxicity test that did not cause a
harmful effect in a plant or animal. MOAEL refers to a dose of chemical that is ingested,
while aNOAEC refers to direct exposure to a chemical such as thrihegbkin.

Parametric: A term describing statistical methods that assume a probability distribution such as a
normal, lognormal, or a gamma distribution.

Point of Departurethe target risk level that risk to an individual is considénsdnificant.

Potentially Complete Exposure Pathwaypathway that, due to current site conditjass
incompletebut could become complete at a future time because of changing site practices.
For examplethe ingestion pathway of groundwater from sidential well in a high total
dissolved solids aquifer. This pathway could be complete if treatment technologies like
reverse osmosis become economically feasible and are observed to be employed
successfully in that aquifer.

Reasonable Maximum ExposyRME): the highest exposure that is reasonably expected to
occur at a site. Reasonable Maximum Exposure combines-bpped and migange
exposure factors so that the result represents an exposure scenario that is both protective and
reasonablenot theworst possible case.

Xi
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Regional Screening Leve(RSL). risk-based chemical concentrations derived from standardized
equations combing exposure assumptions WBhEPAchemicalspecific toxicity values
and target risk levels that are used for site screening and initial cleanup Fgaraike
residential receptor, the residential RSLs should be applied. For the industrial/commercial
scenario, the composite worker RStwuld be applied. For the construction worker, the
on-line calculator must be used to derseenario specifi&SLs.

Releasespill or discharge of hazardous waste, hazardous constituents, or material that becomes
hazardous waste when released to tivremment.

Regression on Order Statistic (ROS): A regression line is fit to the normal scores of the order
statistics for the uncensored observations and is used to fill in values imputed from the
straight line for the observations below the detectioit.lim

Responsible Partghe owner or operator of a site, or any other person responsible for the release
of hazardous waste or hazardous constituents.

Risk-Based Clean Closurelosure of a site where hazardous waste was managed or any medium
that has beecontaminated by a release of hazardous waste or hazardous constituents, and
where hazardous waste or hazardous constituents remain at the site in any medium at
concentrations determined, tAC R315101, to cause minimal levels of risk to human
health ad the environment so as to require no further action or monitoring by the
responsible party nor any notice of hazardous waste management on the record of title to the

property.

Risk-Based Concentratiothe concentration of a contaminant the values otlwhare derived
from equations combining toxicity factors with standard exposure scenarios to calculate
chemical concentrations corresponding to some fixed levels of risks in any medium, such as
water, air, fish tissue, sediment, and soil.

Risk Characteriation: summarize and integrate information from Hazard identification, dose
response, and exposure assessment pbagesrisk assessment to synthesize an overall
conclusion about riskRisk characterization takes place in both human health risk
as®ssments and ecological risk assessments.

Robust Statistica statistic that is resistant to errors in the results, produced by deviations from
assumptions, suamsnormality. This means that the limits are not susceptible to outliers, or
distributionalassumptions. For example, if the limits are centered on the median, instead of
on the mean, or on a modified, "robust mean," and constructed with suitable weighting, or
influence, or function, they could be considered "robust."

Site the area of contamation and any other area that could be impacted by the released

contaminants, or could influence the migration of those contaminants, regardless of whether
the site is owned by the responsible party.

Xii
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Site Specific Screening Valueontaminant screening s derived for media, such as soill,
sediment, water, at a site based on relevant site assumptions and factors.

Source Controla range of actions, for example, removal, treatment in place, and containment,
designed to protect human health and the environment by eliminating or minimizing
migration of or exposure to significant contamination.

Target Riskany acceptable specifiesk level. the protective end of the acceptable risk range
for screening of contaminants in risksessment and considered to be the point of departure.
The target risk is defined as J6 andis appropriate for all human receptors.

Upper Confidence lonit (UCL): the upper boundary of a confidence interv@ecause of the
uncertainty associated with estimating the true average concentration at a sités thél95
of the arithmetic mean is used to represent this variable and provides reasonatiénce
that the true site average will not be underestimated.

Upper Tolerance Limi(UTL): A confidence limit on a percentile of the population rather than a
confidence limit on the meamhere a defined percentage of sample databeiless than or
equal to that limit For example, a 95% orsgded UTL for 95% coverage represents the
value below which 95% of the population values are expected to fall with 95% confidence.
In other words, a 95% UTL with coverage coefficient 95% represents a 95% U@ie for
95th percentile.

Utah Administrative Code (UAC) R31B01: outlines the cleanup actions and-sised closure

standards and applies to cleanup actions conducted voluntarily as well as corrective action at

permitted sites. The complete rule may henfbat
https://adminrules.utah.gov/public/rule/R3181/Current%20Rules

Xiii
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TECHNICAL GUIDE FOR RISK ASSESSMENTS :
UTAH ADMINISTRATIVE CODE R315 -101
(TGRA)

1.0PURPOSE
1.1 Purpose

The Utah Division of Waste Management and Radiation Control (DWMRC) developed the
Technical Guide for Risk Assessments: Utah Administrative CodeIR316r the TGRA)to
assist facilities within the State of Utah in navigating Utah Administrative Gd8€) R315

101 (herein referred to as the Rulehich sets the standards for His&sed closureTGRA
outlinesrecommended approachesboth human health and ecological risk assessrhased

on current State and Federal risk assessment praciibesverarchingobjectiveof the TGRA

is to allow fora consistent interpretation of tRelle when conducting risk assessmeritsie

TGRA is focused on how to complete human health and ecologic risk assessments required
under UAC R315101.

1.2 Applicability

UAC R315101applies to sites in Environmental Cleanup Program, Corrective Action Sites,
permitted facilitiesreleases from spills, and hazardous waste generators that are not cleaned up
to background UAC R315101 riskbased cleanup standards apply to ghas will not or

cannot be cleaned to background constituent lew¥lsen some amount eébntaminatiormay

be left in placerisk assessments are conducted to ensure the resstigsatan be managed for

the protection of human health and the environm&he process of conducting these risk
assessments is outlinedthe TGRA

2.0STABILIZATION OF RELEASES

In order to protect human health and the environment, when there has been a release, immediate
action to stabilize the site either through source rexhowsource control must be taken by the
responsible partyThese actions apply to the spilled material, and any residue or contaminated
media resulting from the spill and posing a hazard to human health or the environment.

Stabilization of releases required for any hazardous waste handler, including transporters and
sites under the Environmental Cleanup Program, Corrective Action sites, and permitted facilities.
It is noted that permitted facilities will likely have permit conditions addressiftg, sp

stabilization of releases and notification requiremeiftse facility-specific permit conditions

should always be followed for permitted facilities.

If the DWMRC determines that the action taken to stabilize a release is insufficient to meet the
requirements of the emergency control of s@isoutlined UAC R31263-30(c)(7)and cleanup
requirementsn UAC R315263-31, additional corrective action will be required and is to be
outlined in a work plajto be submitted to the DWMR@gdressing the mitigation of the

released waste.
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The workplan will need to (1) define the scope of work to be performed, (2) include a
description of the interim measures and other corrective actions to be taken, and (3) include a
description of howhe plan will meet the criteria of source removal or source control to
residential levels requiring no loxigrm site controls.

UAC R315263-30(c)(7)states thatin the event of a spill of hazardous waste or material
which, when spilled, becomes hazardaaste, the person responsible for the material at the
time of the spill shall immediately provide the emergency action taken to minimize the threat
to human health and the environment when reporting the spill.

UAC R315263-31 states thathe person regmsible for the material at the time of the spill

shall clean up all the spilled material and any residue or contaminated media or other
material resulting from the spill or take action as may be required bRpWMRCso that the
spilled material, residuegr contaminated media no longer presents a hazard to human health
or the environment as definedWAC R315101. The cleanup or other required actions shall

be at the expense of the person responsible for the spill. If the person responsible fdr the spi
fails to take the required action, tiBVMRCmay take action and bill the responsible person.

If the responsible party is not able to clean up impacted media to background levels, they may
performhuman health and ecological risk assessments to verify that contamination has been
removed or mitigated to residential closure levels and no ecologgksl fif the responsible

party is able to make these demonstrations, they may petition the DWMRC for a determination
of Corrective Action Complete without Controls, or No Further Ac{ldRA). What this means

is thatno residual contamination may remain that wordsdtrictfuture land use.

The removals will be considered complete and compliant with UAC 28381 when the
following conditions are shown in the risk assessment:

1 The level of cumulativeesidentiakisk present at the site is less than or equal t®@&or
carcinogens and the hazard index is less than or equal to 1.0 foarvimogens (See
Section6);

Ecological effects are insignificant (See Sec@®ynand

Current and potential future impacts to grdwater are insignificant as determined by the
soil-to-groundwater pathway screening assessment (see S@ction

E

3.0SITE CHARACTERIZATION AND DOCUMENTATION

Thesite characterizatiorphase is intendedetermine the degree and extent ofsie
contaminatiorproviding spatial and contextual information about the site, which may be used to
determine if there is any reason to believe complete exposure pathways may exist at the site
where a release of hazardous waste/constituents has occlineedite charactemation maybe
conducted as part of due diligence and inclpidgsed=nvironmental Site AssessmeESA)

for sites under the Environmental Cleanup Progr&or Resource Conservation and Recovery
Act (RCRA) part B permitted and corrective action sitee sharacterization wilikely consist

of phasedRCRA Facility Investigatioa(RFI). Regardless of the program, the elemant$

intentof site characterization are similar.
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Details on how to conduct site characterizadosoutside the scope of the TGRA. However,
some elements of site characterization are important irstgfrdata needs for risk assessments.
During site characterization natui@emical contaminantsindextent(horizontal andrertical)

of contaminatiorfor all potentially impacted media are definddedia may include soill,
sediment, groundwater, surface water, biota, andiairing site characterizatiothesite

history should be reviewed to determaomntaminants that could potentially be present due to
site history,jdentify samplingneedgo determine background threshold values (BT4sp
develop aconceptual site model (CSM)

It is important to note that risk assessments should neulimittedto the Divisionuntil the
natureand extenbf contaminatioraredefined

3.1 Conceptual Site Model

A CSMis useful in planning the risk assessment process by providing information about the

types of contamination known or suspected at the site, and the mechanisms by which human and
ecological receptors could be exposed to the contaminantssp8itdicCSMsshouldbe

developed early in the sipecific risk assessment processes to aid in providing direction to
sampling efforts and risk assessment objectives. The necessary components that will be included
in the CSMs are(1) sources of contaminatio() release mechanismg&3) affected media(4)

potential receptors, an8@) exposure pathwaysAll five elements must be present for the

exposure pathway to be considered complete.

A CSM is a graphical representation of site conditions that conveys what is km@uspected,

at a discrete point in time, about the sifecific sources, releases, release mechanisms,
contaminant fate and transport, exposure routes, and potential receptors. The CSM is generally
documented by written descriptions and supportechays, geological crossections, tables,
diagrams and other illustrations to communicate site conditions. When preparing a CSM, the
facility should decide the scope, quantity, and relevance of the information to be included,
balancing the need to presastcomplete a picture as possiblditstratecurrent site conditions
andestablistrisk management actions, with the need to keep the information focused and
exclude extraneous data.

The CSM should identify all potential exposure pathways for both human health and ecological
risk assessmentdVhile each site may have unique pathwagsnmonhuman healtlpathways
include:

Direct (and incidental) ingestion of saill,

Dermal contact with soil,

Inhalation of volatiles and fugitive dusts from contaminated soil,

Ingestion ofgroundwatey

Dermal contact witlgroundwater

Inhalation of volatile organic compounds (VOCS) volatilizemn groundwateinto
indoor air,and

T Inhalation of volatiles in indoor air via the subsurface vapor intrusion pathway

=A =4 =4 =4 4 -4
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An example of a CSM showing both human health and ecological receptors is also provided as
Figure 1.

Under some sitgpecific situatias, additional complete exposure pathways may be identified.

In these cases, a s#pecific evaluation of riskr development of pathweagpecific screening
levelsis warranted under which additional exposure pathways can be considered. If other land
uses and exposure scenarios are determined to be appropriate for a sitar(eigg,

recreational land use, hunting, and/or Native American land use), the exposure pathways
addressed in this document should be modified or augmented accordingly espadfte risk
assessment should be conducted. Early identification of the need for additional information is
important because it facilitates development of a defensible sampling and analysis strategy.

3.2 Receptors and Pathways

The three most common humamgeptors are a resident, industrial/commercial worker, and a
construction worker. Most, if not all, risk assessments should evaluate these three receptors as
part of the human health risk assessmé\dte that receptors may be current, future/anticipated,

or hypothetical. While a site may be slated for industrial use, the residential receptor would still
be required to be assesseMHA was desired Ecological receptors are addressed in Section 9.

Receptors may primarily be exposed to contaminatiosexnaral pathwaysncluding soil, water
(surface water or groundwater), and air.

3.2.1 Residential Receptors

A residential receptor may be actual or hypotheti€ialuation of this receptor is required to
achieve closurender NFAor to demonstrate the site risks are within an acceptable range to
allow closure with controls

A residential receptor is assumed to be a{@mng receptoresidingwithin the site bondaries.
Adults and children exhibit different ingestion rates for sdib. account for changes in intake as
the receptor agethe US EPA Regional Screening Levels (RSha)e incorporatedge adjusted
intakes in the derivation of the level€Exposure to soil (to depths of zero to 10 feelow

ground surfacehgs) is expected to occur during home maintenance actiaigsutdoor play
activities.

Contaminant intake is assumed to occur via three exposure pathdiagst ingestion, dermal
absorption, and inhalation of volatiles and fugitive dudtseresidentiaRSLs for soil include
exposure via direct ingestion of soil, dermal absorpaod inhalationof fugitive dust

The indoor air RSLare compared tambientair samples colleed in a building or residence
However, in most casesdoor air data are not availabndthe vapor intrusion scenario is
estimated using su$lab soil gas or groundwater datEheresidentiaRSLsfor indoor airdo not
account for inhalatioof volatiles indoors via vapor intrusicgstimated from soil gas or
groundwater If VOCs are present at a sitsyd indoor air data are not availalilee vapor
intrusion pathway may require evaluation and the risks/hamardg VISLs andadded to
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risk/hazarddetermined using the RSI(see Equations 10 and 11RRefer to Sectioi@ on vapor
intrusion.

Example:

91 Indoor Air Data— useresidentiaRSL indoor air screening level. As a side note, the
VISL calculator may list an indoor air concentration in additiol®Ls for subslab and
groundwater. The indoor air concentration listed in the VISL calculator is the same as
the RSL indoor air screening level.

1 Subslab Dat®nly —use VISL calculator (See Section 7) to deternainestimated
indoor air concentration bad on migration of VOCs through a building foundation.

1 Groundwater Data Onkyuse VISL calculator (See Section 7) to determine an estimated
indoor air concentration based on migration of VOCs from groundwater through soil and
into a building.

Theresidantial RSLs do not take into consideration ingestion of homegrown
produce/meatish/dairy, vapor intrusiorestimated from soil gas or groundwater other unique
exposure pathwaydf these pathways are complete, analysis of risks resulting from these
addtional exposure pathways must be determined and added to the total risk and hazard (refer to
Section6 and Equations 10 and 11

3.2.2 Industrial/Commercial

The industriglcommercialscenario is considered representative e§ibe workers whaplit

their day between indoor and outdoor activitieExposure to surface and shallow subsurface

soils (i.e., at depths of zero ¢oeft bgs) is expected to occur during moderate digging

asseiated with routine maintenance aguundkeeping activities. Aindustrialcommercial

receptor is expected to be the most highly exposed receptor in the outdoor environment under
generic or dayto-day industriglcommerciakconditions. Thus, theadustial RSLsfor this

receptor are expected to be protective of other reasonably anticipated indoor and outdoor

workers at a commercial/industrial facilitiNote that RSLs for the industrial/commercial
receptor are identifietuasatenduscusaked on th
Guide as a “composite worker?”.

Similar to the resident, thadustrialRSLs for soil include exposure via direct ingestion of saill,
dermal absorption and inhalatiohfugitive dust

Similar to the residentheindustrial RSLs do not account for inhalation of volatiles via vapor
intrusion. If vapor intrusion is complete, analysis of risks resulting from these additional

exposure pathways must be determined and added to the total risk and hazard (refer to Section 7
and Equations 10 and 11)ndustrialair RSLs are compared to indoor air samples collected in a
building. However, in most cases, indoor air data are not available, and the vapor intrusion
scenario is estimated using ssiab soil gas or groundwater dateheindustrialRSLsfor indoor

air do not account for inhalatiasf volatiles indoors via vapor intrusi@stimated from soil gas

or groundwater. If VOCs are present at a site, and indoor air data are not available, the vapor
intrusion pathway may reqai evaluation and the risks/hazards using \8I&hd added to
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risk/hazard determined using the RSLs (see Equations 10 and 11). Refer to Section 7 on vapor
intrusion.

Example:

1 Indoor Air Data—use RSLindustrialair screening level. As a side nateg VISL
calculator may list an indoor air concentration in addition to VISLs for subslab and
groundwater. The indoor air concentration listed in the VISL calculator is the same as
the RSL indoor air screening level.

1 Subslab Data Only use VISL calculato(See Section 7) to determine an estimated
indoor air concentration based on migration of VOCs in soil through a building
foundation.

1 Groundwater Data Onky use VISL calculator (See Section 7) to determine an estimated
indoor air concentration based omgnation of VOCs from groundwater through soil and
into a building.

3.2.2 Construction Worker

A construction worker is assumed to be a receptor that is exposed to contaminated soil during the
workday for the duration of a single-gite construction projectf multiple construction

projects are anticipated, it is assumed that different workers will be employed for each project.
The activities for this receptor typically involve substantial exposures to surface and subsurface
soils (i.e., at depths of zero 16 feet bgs) during excavation, maintenance, and building
construction projects (intrusive operations).

A construction worker is assumed to be exposed to contaminants via the following pathways:
incidental soil ingestion, dermal contact with soil, amthlation of contaminated outdoor air
(volatile and particulate emissions). While a construction worker receptor is assumed to have a
higher soil ingestion rate than a commercial/industrial worker due to the type of activities
performed during construcin projects, the exposure frequency and duration are assumed to be
significantly shorter due to the shaderm nature of construction projects.

Either lines of evidence need to be provided to demonstrate other scenarios are protective of the
constructiom worker or the RSL cfine calculator will need to be run to derive construction

worker screening levels. For example, if none of the RSLs for site contaminants are driven by
inhalation toxicity (e.g., manganese), then it is possible the residentialiscBSLs are

protective of the construction worker, and a qualitative analysis may be sufficient.

Refer to Section 6.1 for more details on deriving construction worker RSLs. Note, if site
specific RSLs for the construction worker are calculated, subithtaxicity should be used
when available.
3.2.3 OtherReceptors
Other receptors may be present at a site, such as a trespasser or recreationalists and other unique

exposure scenarios such as thosé\faive Americarcommunities, that may not be refleciad
the generic RSLs. If other receptors are present at a site, eithgpesiiGc RSLs may be

6
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developed using the dme calculator or lines of evidence may be provided to demonstrate the
generic RSLs are protective of these additional receptors.

3.2 Soil Exposure Intervals

Based on current and potential/hypothetical lasd scenarios, receptors for completed exposure
pathways can be exposed to varying depths of soil, or soil exposure intervals. Per the US EPA
(US EPA, 1989), depth of samplgisould be considered, and surface soils should be evaluated
separately from subsurface soils due to possible differences in exposure levels that would be
encountered by different receptors. Exposure intervals for each receptor are based on the most
likely types of activities and potential soil exposure. Default exposure intervals are summarized
in Table 1.

Residents could be exposed to surface and subsurface soils during home maintenance activities,
yard work, landscaping, and outdoor play activities. Therefore, an exposure soil interidl of 0
ft bgs should be assumed when evaluating soil exposure bidangal receptor.

It is assumed that industrial/commercial workers would only be exposed to surface-&dils (O
bgs). This receptor may be involved with routine maintenance and groundskeeping activities.

A construction worker is assumed to be esqubto surface and subsurface soils up to depths of
0-10 ft bgs. Construction workers are involved in digging, excavation, maintenance and building
construction projects and could be exposed to surface as well as subsurface soil.

When evaluating the geto-groundwater pathway, refer to Section 8, concentrations are not
restricted to a specific soil interval. Rather, the maximum detected concentration, regardless of
depth, is used for the initial screening.

Exposure to soil by ecological receptorsiddde addressed separately in a tiered approach as
outlined in Section 8However, a discussion of soil exposure intervals for ecological receptors

is warranted here because ecological receptors are considered in the CSM and depending on the
types of eclmgical receptors, themuldbe a difference in exposure levels due to soil exposure
intervals. Burrowing animals and deep rooted plants would be exposed to deeper soils, whereas
all other animals/receptors would only be exposed to surface and shaliswface soils.

Therefore, concentrations in soH#e0feet bgs should be assessed for burrowing animals while

soil 0-1 ft bgs should be assessed for all other ecological receptors.
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Table 1. Soil Exposure Intervals

Receptor Exposure Intervals (Soil)
Resident 0-10 ft bgs
IndustrialCommerciaMorker 0—1 ft bgs
Construction Worker 0—10 ft bgs
Soil-to-Groundwater Migration Depth of maximum detectior
Ecological Receptors (ndourrowing) 0—11t bgs
Ecological Receptors (burrowindeep rooted plants | 0—6 ft bgs

3.3 Background an@ackgroundlhreshold Value$BTVs)

Whether conducting a human health or ecological risk assessmtmmohation of background
concentrationss important to discern whether detected constituents are reflective of past
operations or are present due to natural or other anthropogenic cBaskgroundmetals and
inorganicsdetectedn soil can prove prdbmatic for risk assessment purpgsesthese elements
may be naturally occurring metalsnddue to past historical operationBiorganics and even
some organics, such pslycyclic aromatic hydrocarbonBAHS) and dioxin/furans, maglsobe
present duéo regional anthropogenic contributigreich as from runoff of asphattearby
industrial operationgr regionalforest fires

A background level is "the concentration of a hazardous substance that provides a defensible
reference point that can be dge evaluate whether or not a release from the site has occurred.
The background level should reflect the concentration of the hazardous substance in the medium
of concern for the environmental setting on or near a Aiteackground level does not

necessarily represent prneelease conditions, nor conditions in the absence of influence from
source(s) at the siteUS EPA, 1992. It is important to note that background levels do not have

to reflect pristine conditions (USPA,).

A site attribution analysis looks at site concentrations and compares them to background or
ambient levels. Constituents tlaenot present due to site activities, but are representative of
background, are not carried forward into the risk analysierefbre, determination of

background is a critical step to ensure the risk assessment reflects conditions as a result of site
activities and avoids an overly conservative estimation of fiskee types of background data

are available for use as descdhzelow and include:

1 Defaultcountyspecific BTVs,
1 Surrogate BT, and
1 Sitespecific BTVs.

Establishment of a skgpecific BTV is highly encouragddr 1) areas where metals may have a
greater range of ambient levels than the defaulhty specificBTVs; 2) site data are above the
background levés) and a statistical comparison is nee(®de Section 4)8) differentiation of
concentrations based on geology and/or depth in soil is needed, or 4) othergmepett needs
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(e.g., geochemical evaluat®ar impact from other sourcesin addition, sitespecific
background data will be needed if using incremental samfiafigr to Section 4.1.4)

As the BTVs represent an upper limit value, use of a 95 percent upper confidence level of the
mean (95% UCL is not appropriate in screening against the BTWse maximum detected site
concentration should be used asithial exposure point concentration (EPC), and if the site
maximum is below the default BTV, the metal may be dropped as a constituetgrdfgio
concern or constituents of potential ecological concern (COPC/COPEC)— MNdéz to

Sections £ and 9.2.2 on EPCs and Sectionkahd 9.2.1 on identifying COPCs/COPEC:s.

3.3.1 DefaultCountyspecificBTVs

Arsenicmay beproblematidn risk assessmengince theRSLs aresignificantly lower than
typical background soil concentratiomsUtah. For many sites, especially Environmental
Cleanup Sites located in highly developed grdatermination of backgrounevels forarsenic
as wdl as othemetalsmay prove difficult. The DWMRC hagstablishediefaultcounty
specificBTVsfor RCRA metalsplus a coupl®f other commonly detected metalNote that
insufficient data were available to derive default BTVs for selenium and silverdata for the
BTVs were taken from various databadasludingUnited States Geological Society3G9
databasesvhere specifiglobal positioning systenGPS locations, sampling methodology, and
analytical methoslwere known. Only data that had tteeree sampling methodology and
analytical method were compiled in deriving tmeinty specificBTVs. Thesecounty specific
BTVs maybe used in lieu of sitepecific backgroundataand may be used for surface and
subsurface dat@p to 10 feet bgs)

Thecounty specifiTV listed in Table2 maybeapplied when usingdiscreteor composite
data Variation ofmetalsacross Utah is well documeatand t is recognizedhat metals ray be
present irsite background at levels higher than the defaBlTVslisted in Table2.

3.3.2 Surrogate BTVs

An alternative to the defautbunty specifi®@TVs is to usesurrogateBTVs. These are site
specific BTVs that werderivedfrom a facility located within a stile radius of your site. The
surrogate BTVs mustave been derived following the methodology outlined in Sect#B8 and
have beemreviouslyapproved by the DWMRC.

3.3.3 Sitespecific BTVs

If site-specific BTVsare tobedeveloped, theghould be establishatliring site characterization
and in accordance with the following sectiofowever, it is acceptable to initially go with the
default county BTVs. Sitgpecific background levels may be derived if the site does not meet
the countyspecific level. It is acceptable to take a steépe approach to background, as it may
potentially be both time and cost effective.

10
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3.3.3.1 Soil

Sample sizesampleocations, as well as other sgpecific parameters for background data sets
should be outling in a site characterization/facility investigation work plan. Guidance on the
process of conducting a background soil study is beyond the scope of this document. However,
the following criteria are representative of a defensible background data set:

1 Includes enough dataninimum of8) for statistical analyses;
1 Free ofstatistically determinedutliers;

1 Reliably representative of the variations in background media (e.qg., soil types or
groundwater horizons);

1 Collected from areas where there is no potéfdrasite contamination based on site
history;

1 Collected from areas that are upwindloé site

1 Collected from soil types that are lithologically comparable to the samples that will be
collected from contaminated areas; and

1 Collected from depths that mespond to the exposure intervals that will be evaluated
during human and ecological risk assessments.

An adequate sample size will likely capture a reliable representation of the background
population while meeting the minimum sample size requirementsafculating BTVs and

conducting hypothesis testinglS EPA(2020) recommend8-10 sampes for each background

data set, buinore are preferabléWhile it is possible to calculate BTVs with small data sets
containing as few as three samples, thesdtsemte not considered representative and reliable
enough to make cleanup or remediation decisions. Therefore, a minimum samplegjhé of

(8) is required to calculate BTVs and conduct hypothesis testing. The size of the background
area and size of ¢hsite or facility under study should also be considered in determining sample
size. That is, if the background and site areas are relatively large, then a larger background data
set (e.g., 8 samples) should be considered (US EPA0Background sbdata are often

grouped according to depth (e.g., surface vs. subsurface) or soil type. It is important to note that
the minimum sample size 8fshould be met for each grouping of data to compute BTVs for

each soil horizon or soil type.

Determination 6BTVs should be conducted using current ProUCL software and guidance or
other software as approved by DWMRC. In general, soil BTVs should be based on 95% upper
tolerance limits (UTLE Exceptions can occur on a casecase basis when the estimated 95%

UTL is greater than the maximum detected concentration. This may be an indication that the
95% UTL is based on the accommodation of-jawbability outliers (which may or may not be
attributable to the background population) or highly skewed data séts aodsibly inadequate
sample size. In these cases, it may be warranted to evaluate the possibility of additional potential
outliers or collection of more data. In lieu of collection of additional data to resolve the elevated
UTL issue, the maximum detied concentration should be used as the BTV.

11
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3.3.3.2SurfaceWater Bodies

For moving surface water, such as a river or stream, backgnoaypde determined from
upstreamocations Generally, sediment samples are preferred over agueous samples for
evaluating the surface water pathway because sediments are more likely to retain contaminants.
In general, aqueous samples might represent current release conditions, whereas sediment
samples might exhibit historical release conditions. Simple surfaee pathway sampling
generally consists of taking a minimum of one Probable Point of Entry (PPE) sample and one
upstream background sample. If the surface water pathway has multiple PPEs, multiple
background samples may be needed. The number of backgamples collected depends on

the complexity of the path of the surface water body. The presence of multiple tributaries
upstream with multiple potential sources would require collecting multiple background samples
in each tributary to differentiate tip@tential contribution of contamination from «ite sources

[US EPA Office of Solid Waste and Emergency Response (OSWER) Directives -@54&ntl
9345.107].

Establishing a background level for a static water body (lake or spring) should be disctissed wi
the DWMRC. For ponds and lakes, background samples may be collected near the inflow to the
water body if it is not influenced by tisite A pond near the site may be selected for

background sampling if it exhibits similar physical characteristics tortregte pond. For large

ponds and lakes, background samples may be collected from the water body itself, but as far
away as possible fro the influence of the PPE and other potential sources (OSWER Directive
9345.107).

3.3.3.3Groundwater

Additional consideration may be given to determining background levels for groundwater,
depending on intravell or interwell comparisons. In generalatdkgiound samples should be
collected from nearby wells that are not expected to be influenced by the source of
contamination or byearbysites. If there are other sites or potential local sources of
groundwater contamination, additional background samptaddbe collected where possible
to differentiate their contribution from that of the site under investigation (OSWER Directive
9345.105).

Aqueous release and background samples must be collected from comparable zones (e.g.,
saturated zone) in the sanguder and, where possible, should be collected during the same
sampling eventNonfiltered samples should be collected to represent digablvedmetals
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Table 2. Default County Specific BTVs

June 2023

County Arsenic Barium | Cadmium | Chromium?! | Lead | Mercury Nickel Zinc Thallium Copper
Beaver 18 724 0.4 58 33 0.05 22 110 0.9 24
Box Elder 9 631 0.9 61 41 0.02 27 96 1.0 28
Cache 9 606 1.0 46 30 0.10 14 95 0.975 24
Carbon 15 664 0.5 45 20 0.02 14 70 0.5 19
Daggett 7 380 0.1 22 11 0.01 7 31 0.3 7
Davis 13 454 0.4 30 25 0.02 10 47 0.35 18
Duchesne 22 749 0.5 55 25 0.02 14 73 0.6 25
Emery 14 508 3.0 80 15 0.03 35 102 1.0 36
Garfield 10 840 04 246 29 0.04 18 98 15 30
Grand 17 721 2.8 65 26 0.04 32 106 1.2 28
Iron 16 710 0.5 106 42 0.04 12 80 1.3 34
Juab 29 509 0.5 41 40 0.02 15 69 1.6 18
Kane 17 417 0.2 52 18 0.02 22 61 0.6 17
Millard 22 580 0.5 50 26 0.02 25 76 0.6 23
Morgan 7 508 0.7 42 27 0.03 18 83 0.5 26
Piute 4 937 0.3 44 22 0.03 17 98 0.5 29
Rich 5 818 0.5 63 21 0.02 18 69 0.6 22
Salt Lake 27 521 04 51 60 0.03 10 73 11 75
San Juan 6 469 0.4 42 21 0.02 19 53 0.5 39
Sanpete 9 400 0.7 49 27 0.02 19 84 0.6 14
Sevier 9 862 0.4 59 33 0.01 18 144 0.7 71
Summit 3 610 0.7 30 22 0.02 12 43 0.4 13
Tooele 25 581 1.1 53 64 0.05 25 111 0.9 64
Uintah 29 1060 0.5 66 26 0.04 25 75 0.5 22
Utah 14 376 0.9 36 20 0.02 12 57 0.475 17
Wasatch 8 1508 0.4 36 36 0.58 12 72 0.475 15
Washington 23 522 0.3 73 29 0.02 39 126 0.7 43
Wayne 8 477 0.4 37 18 0.01 10 58 0.6 16
Weber 8 400 0.4 31 15 0.02 11 49 0.4 16
Notes:

All data in units of milligrams per kilogram (mg/kg)

Sufficient numbers of detects were not available to derive a BTV for selenium and silver

1 Chromium is presented as total chromiutihhexavalent chromium is a COP&nd speciation of chromium is needed, additionalsgiteific background valueg
based on valence state may be required
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June 2023

4.0I1DENITIFICATION OF COPC S/ICOPECSAND EXPOSURE POINT
CONCENTRATIONS (EPCS)

COPCs and COPECs are any substance likely to be present in environmental media affected by a
release and past site history. Identification of COPCs/COPECSs should begin with existing
knowledge of the process, prad, or waste from which the release originated. For example, if
facility operations deal primarily with pesticide manufacturing, then pesticides should be
considered COPCs/COPECs. Contaminants identified during current or previous site
investigation acvities should also be evaluated as COPCs/COPRCste-specific

COPC/COPEC list for soil may be generated based on maximum detected (or, if deemed
appropriate by DWMRC, the 95% UCL value) concentrations (US EPA 2002b) and a

comparison of detection/quatation limits for nondetect results to the DWMRC SSLs. This list

may be refined through a sigpecific risk assessment.

An initial reduction ofCOPCs/COPECs by simplecomparison to the RSL is not acceptable.

All contaminants deemed present dusite activities must be carried forward as
COPCs/COPECHr comparison to backgroundaegardless offithe maximum detected
concentration is less than the RStor example, if a contaminant has a concentration less than
the RSL, the contaminant may nat tropped as a COPC prior to evaluating background and/or
cumulative risk.Further,other lines of evidence, such as frequency of detection may not be used
in the initial determination of COPCs/COPECs but may be addressed in the uncertainty
discussion andr revised assessment.

For the initial screening assessment, duplicates should be handled using the higher concentration
as the EPC; averaging of the data is not appropriate for the initial screening assessment. If a
refined EPC is needed, tdaplicates may be averaged.

4.1 Soil/Sediment
4.1.1 Organics and Chemicals without Background Data

Per US EPA guidance (US EPA 1989), if there is site history to indicate a chemical was
potentially used/present at a site if there is insufficient site history to demdnage that a
chemical could not be present, and the chemical was detected in at least one sample, this
chemical must be included as a CQBOPECand evaluated in the screening assessment.
Frequency of detection or other lines of evidence may not be aigdichinate a chemical as a
COPUCOPECIf there is history to indicate it is potentially present due to site activities,
although these lines of evidence may be addressed in the uncertainty analysis for the risk
assessment.

It is possible a site may habeen impacted by other anthropogenic sources. As one line of
evidence to help assess site impact to certain organics, development of baseline levels for
organics may be appropriate. For example, PAHs may be present due to runoff from nearby
paved/industal structures, and dioxins/furans may be ubiquitous due to natural fires. If there
are other potential sources of organics, the site characterization work plan should include
sampling to determine baseline organic levels. In lieu of baseline sampldigpal lines of
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evidence may be required to justify the organics as not being site related. Factors to consider are
proximity to other source areas for contamination (e.g., paved roads), magnitude of detection,
spatial variability.

4.1.2 Organics andChemicals with Background Data

For organics and inorganics where background data are available, a comparison of site
concentrations to appropriate background concentrations may be conducted prior to evaluation
against SSLs. Those organics amafganics that are present at levels indicative of natural
background may be eliminated as CORKIPECsand not carried forward to the screening
assessment calculations. Comparison to background must be conducted following current US
EPA Guidance and amitlinedfollowing the tiered approach below

4.1.3 DiscreteSoil Sampling

For discrete data, the following tiered approach should be applied for determining if site data are
reflective of background conditions.

Step 1.Compare the maximum detected site@entration to the sitspecific background
reference values (upper tolerance limit or upper threshold value) determined for each
soil type and soil depth at the site. If the site maximum is less than the background
reference value, it is assumed thatglie concentrations are representative of
background and the metal/inorganic/organic is not retained as a/COPEC If
there is no background value for a constituent, then the constituent must be retained
as a COP(COPEC

Step 2: If the maximum site&oncentration is greater than the background reference value,
then a twesample hypothesis test should be used to compare the distributions of the
site data to the distributions of background data to determine if site concentrations are
elevated compareditli background. A simple comparison to the range of
background is not acceptable. Background can vary across a site (especially larger
sites) and not allow for soil type to be taken into consideration. Further, a range can
mask low level contaminationComparisons of site data to the range of background
values or comparison to the maximum detected concentration in the background data
setmay notbe used as a line of evidence to eliminate site constituents as
COPC$COPECs

The most recentversionof ISP A’ s Pr o UCL s tslwodldbesused mora|l s of
hypothesis testing. ProUGhouldalso be used to determine the most appropriate

test (parametric or nonparametric) based on the distribution of the data. Appropriate
methods in ProUCL will also be uséo compute sitéo-background comparisons

based on censored data sets containingdebdect values. A review of graphical

displays (e.g., box plots and@ plots) may also be provided in addition to the results

of the statistical tests to provide furthestification in determining whether site
concentrations are elevated compared with background. These graphical plots can

also be generated by ProUCL software.
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Note that the above twsample test can only be used for site data sets that have
sufficients ampl es (i .e., n = 8) and number of
observations is preferred). While a minimum of 10 background data samples are now
required, there may be sites where background has been previously determined from

a data set that otains fewer than 10 samples. As stated in the current version of
ProUCL User s 2®0),hgoethegisuestindgisonly considered to be
reliable with sufficient sample size (n

If there are not at least eiglamaples in the site data set and at least five detections,

then the site maximum detected concentrations will be compared to the corresponding
background value (i.e., 95% upper tolerance limit) as noted in Step 1 or additional
data must be collected to carad a twetailed test.

Step 3: Additional lines of evidence may be used to justify exclusion of a constituent as

being site related, such as site history, high percentage afetents, etc. However,
these lines of evidence must be based on a sufficient number of samples to Bdequate
define nature and exteat contaminatiorand to clearly delineate potential hotspots.

For areas where a hotspot may be present, additional actions are required (such as
sampling and/or corrective actions) and the constituent(s) must be retained as a
COPUCOPEC Comparison of site data to regional datach as USGS) databases

not specific to the site and simple comparison to a range of data or quartiles are not
acceptable lines of evidence.

4.1.4 Incremental Sampling Method

If incremental sampling$M) data are to be collected, a similar procesdessribedabove
comparing site data to background may be conducted. However, the ISM BTVs must also be
derived using the ISM approactSM data may not be compared to BTVs based on discrete
sampling. ProUQL is being updated to include hypothesis testing and calculation of statistically
derived upper thresholds for ISM data. However, until such statistical evaluations are available
in ProUCL, the following approach should be conducted for comparing sitéd ®&ickground

ISM data:

T

If the site ISM maximum detected concentration is less than the background minimum
ISM, the constituent may be considered present at ambient concentrations and does not
require retention as a CORTDPEC

If the site ISM maximum figs within the range of background ISM, a qualitative

discussion and lines of evidence must be provided to justify exclusion of the constituent
as a COP(COPEC Evaluation of triplicate data should be includétbte: collection of

field triplicatesor replicateshelps to evaluate the edictiveness of the ISM sampling and

to ensure more reliable estimates of the mean. ISM samples collected in triplicate, means
soil aliquots are collected thrice following the same sample pattern within the same
decision uit.

16

\V4



June 203

If the site ISM maximum is greater than the background ISM minimum, the constituent must be
retained as a COPCOPEC

4.2 Exposure Point ConcentratiggPCg
4.2.1 Soil/Sediment

For the initialscreening risk assessmeitte maximum detected concentratishallalwaysbe

used as the ERC If using the maximum detected concentrations excess risk is a fedh#r

assessment is warranted (see Sectiarsiigrefined EPCgle.g.,95 percent upper confidence

limit (UCL)). US EPA (1989) recommends usiogncentratiorio represent "a reasonable
estimate of the concentration | i keSupplemeotalbe co
Guidance to RAGS: Calculating the Concentration Termat es t hat , “almtgcause
associated with estimating the true average concentration at a site, the 95 percent UCL of the
arithmetic mean should be used for this vari a

4.2.1.1 Discrete Samples

Upper confidence limits should only be calculated for data sets that meet ERAJE020)

minimum requirements for calculating UCLs. The minimum requirements for calculating UCLs
are: 1) each data set must contain at | east e
evaluated; and 2) there must be a minimum of five detectians e. , = 5 detected
the analyte being evaluated. Although it is possible to calculate UCLs with small datasets (i.e., n

< 8) and |l ow frequencies of detection (i .e.,
considered reliabland representative enough to make defensible and correct cleanup and
remediation decisions (US EPA,ZlI). Therefore, UCLs should only be calculated for data sets

that meet the minimum requirements floe calculationof UCLs. For datasets with less than

four detects or datasets with less teaghtsamples and a low level of detection (less than 10%),

the median concentration may be used as the EPC.

T UCLs should be calcul ated using the most ¢
statistical software packag&tatistical methods for calculating UCLs are dependent on
the distribution of the data. Therefore, when calculating UCLs, ProUCL should be used
to perform statistical tests in order to determine the distribution of the site data. If
assumptions abouhé distribution cannot be made, then nonparametric methods can be
utilized. ProUCL recommends a computational method for calculation of the 95% UCL
based on the assumed distribution.

1 Using parametric and nonparametric methods, ProUCL will typicallyrreseveral
possible values for the UCL. Professional judgment should be used in selecting the most
appropriate UCL; however, the UCL recommended by ProUCL is based on the data
distribution and is typically the most appropriate value to be adopted aBG&Euse
in risk assessmentst is important to note that the UCL should not be greater than the
maximum detected concentration.

1 Nondetects (censored datasets) should be evaluated following the appropriate
methodology outlined in the mostrecentverasi of US EPA’ s ProUCL Te
Currently, the ProUCL Technical Guide indicates that the Kallarer (KM) method
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yields more precise and accurate estimate of decision characteristics than those based
upon substitution and regression on orderstasi. Use of onehalf the minimum

detection limit (MDL) or sample quantitation limit (SQL), or other simple substitution
methods, are not considered appropriate methods for handlirdetects.

4.2.1.21ISM Samples

The Interstate Technology & Regulatory ColidiRC)2020gui dance states that
all of the UCL methods that are applied to discrete sampling results can also be applied to ISM.

In practice, however, because fewer than eight replicate ISM samples are likely to be collected

for a decisiorunit (DU), fewer options are typically available to calculate a UCL compared with

di screte sampling data.’ For those DUs where
current version of US EPA’'s ProUCLomsnandad!| d be
UCL (if less than the maximum) used in the risk assessment. Triplicates should be

conservatively represented in the calculation of the UCL as the maximum of the detected results,
which will bias the UCL high.

For those DUs where there are th{8gto eight (8)sample unitgSUs), Interstate Technology

Regulatory CouncillTRC, 2020) and US EPAZ020) guidance indicate that not all thfe UCL

calculation methods provided in ProUCL are reliable. Instead, I'PRED)Y guidance indicates

t hat ei t hetrUCL drthe Chebyskdee WAL besused for DUs witB SUs. For these

DUs with38 SUs) , ProUCL s houl tdClhbusedasuhe ERCnfdhe datae St u
are determined to be normally distributed. If the data are determined to not be normally

distributed, the 95% Chebyshev UCL should be used as the UCL. Triplicate data should be
represented by the maximum of the detevtdes.

For DUs with 12 SUs, a UCL should not be calculated; the EPC should be the maximum
detected concentration.

For chemicals with both nedetected results and detected resultskitiebased UCLs (using
St u d-ar €hebyshev) should be usedremommended by US EPR@0) guidance.

4.2.2 GroundwaterEPCs

A workgroup comprised of members of tw& EPA forums, the OSWER Human Health

Regional Risk Assessors Forum dahd Groundwater Forum, deliberated about how to

determine groundwater exposure paancentratiofGWEPC) The final consensus on how to
determine groundwater exposure point concentration was published in a memorandum titled
Determining Groundwater Exposure Point Concentrations, Supplemental Guidance, March 11,
2014. The objective ofte memorandum was to reduce unwarranted variability in the exposure
assumptions used by Regional Superfund staff to characterize exposures to human populations in
baseline risk assessment.

UAC R315101 has adopted this guidance in determining the GWEP&r&duating risks from

exposure to contaminated groundwater at alss®@WVEPC is a conservative estimate of the
average chemical concentration in groundwater at a potential location and point iNGtee.
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that ecological receptors are typically ngpesed to groundwater. Groundwater that surfaces
(such as a spring) is evaluated as surface water in an ecological risk assessment.

Data to be used in GWEPC calculations must be recent and from the corgmuthéwater

plume. For current risk, actual data should be used and is always preferred. While it is typically
not appropriate to use modeled concentrations in GWEPC calculations for current risk, model
data may be appropriate for assessing future R&presentative sgstes should be from the

core of the plume, where the thv@ienensional core/center of the plume is the zone of highest
concentration of each contaminant within a delineated groundwater pltiengroundwater

CSM has identified seasonal or temporal infices(e.g., drought patteristhe recommendation

is to use data collected during times of higher detected concentrations.

If seasonality or temporal influences are not an issue, the recommendation is to use data
collected from the latest two rounds ofrgaing for each selected well and preferably data
collected within the last year to be representative of current site conditions. If data are not
available within tweyears of the assessment, additional groundwater data will be required to be
collected tarepresent current conditions. Note: refer to the Unified Guidance for evaluating
seasonal trends in data.

Non-detects are frequently an issue; congwdtProUCL TechnicalGuide(US EPA, 202) on
how to handlenon-detectdn the data set.

Thefollowing factors are to be considered when evaluating whether data are representative of
current condition:

1. Movement- the faster the flow, the less representative older data will be to evaluate risk,
2. Fate and transpottthe higher the attenuation ratéise less representative older data
may be to evaluate future risks

If there exists more than one aquifer, the recommendation is to consider each aquifer separately
whencalculatinganEPC. There should be one EPC for each aquifemonitoring netwaok

provides sample concentration from multiple sample degith given location, the

recommendation is to use the highest detected concentration from such samples at each location
to calculatea GWEPC for each aquifer.

Data needs fasite characterizatiofocuses on the nature and extent of contamination. However,
dataneededor a GWEPC calculatiofocuseson the core or center of the contaminated plume.
For groundwater there is the need to adequately characterize the entire plume to be able to
identify the core of the plume which is distinguished by higher concentration levels when
compared to the lower concentration levels at the fringes of the plume.

For sites that have comingled plumes resulting from multiple sources, the aggregate risk needs to
beevaluated based on the consideration of the combined effects, from each of the contaminants
present.Data from a minimum athreewells in the core of the plume is recommended for
calculations. GWEPC is calculated as the 95% UCL of the arithmetic mean concentration for

each contaminaniThe US EPA ProUCL is generally recommended for such calculations. It is
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desirable to use atdst 10 data points for each contaminant, &wg wells andtwo rounds of
data representative of current conditions equate to 10 data points to compute a 95% UCL.

If the computed 95% UCL is greater than the maximum detected concentration, the
recommendtion is to default to the maximum detected concentration for that contamlhant
less tharthreewells are within the core of the plume, the recommendation is to default to the
maximum detected concentrations as the EPC for that contaminant and ttiscsgscifically

in the uncertainty sectioof the risk assessment

For an example of the plume core figure, refefigure2 (from the Unified Guidange

1 L Non-Hazardous
Source s Degradation
Area : Concentration Products & Other
High . Plume Fringe Geochemical Indicators
Concentration
Plume Core Ground-Water Flow === m=-

Idealized Plan View of a Groundwater Contaminant Plume for Purpose of Distinguishing the
“Core” from Fringe Areas

Figure 2. Plume Core Figure (US EPA, 2009)

Well Types

Sampling datérom monitoring welé arethe only data acceptable for use in GWEP
calculations.If modeled data are to be used for GWHERulationsthe data should be
approsedby the DWMRC prior to use.

1 Monitoring wells in the core of the plume are the preferred source of data in GWEPC

calculations for the purposes of characterizing a reasonable maximum exposure (RME)

condition There must be documentation that the wells have been properly constructed

and maintained.

Temporarywell data such as fromhydropunch are not recommended for use in the

calculations of GWEPC because the results are not reproducitdeexception male

a sitespecific condition where temporary wells ntagthe only wells in tk core of the

plume. DWMRC approval of data frora temporary welis required prior to use.

1 Piezometer data may or may not be acceptable for use in GWEPC calculations
depending on the details of their constructi@WMRC approval of data frorthe
piezomeeris required prior to use.
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Data Quality to be Addressed

In addition to well typeshie following factorsnust be considered when evaluating data for
inclusion in a data set for GWEPC development.

1 Detection limits assure that laboratories can mee¥iisamum Contaminant Level
(MCL) and/or thetap wateiRSLs.

1 Turbidity levels of samples must be stable and as low as possible, and generally less than
5-10 nephelometridurbidity units (NTUs) prior to sampling. If turbidity levels cannot be
stabilized oradequately reduced, additional well development or well replacement may
be considered before sample collection.

1 Filtered vs. Unfiltered.Unfiltered data (i.e., total metals) are required for use in EPC
calculations.lIt is noted that there arecasios wherefiltered sample data are needed,
such as for geochemical modeling

1 All potential COPCs, including fate and transport process of VOCs breakdown products,
norraqueous phase liquitlAPL), metals, the potential presence of contaminants of
emerging cona&, must be considered during sampling and analysis.

4.2.3 Nondetects

ProUCL Technical Guide should be consulted for handlingdedacts. In general, ProUCL
follows regression on order statistical (ROS) tests, where both detect addteondata are
provided as inputs. However, to understand handling ofdetects, the following provides
background on the evolution from simple substitution methods to more robust statistical
evaluation of nordetects.

Measurements whose value are known only to lbgabr below a threshold are called censored
data in the statistical literatur€ensored data have been an integral part of several disciplines

like medicine, industry, environment, etitom whichprocedures havieeendeveloped to allow
censored dataptbe incorporated into the computations of summary statistics, regression
hypothesis tests. In the environmental field censored data are commonly encountered as values

bel ow a detection | i mit -daentde catrse” .csareThtekdewd | veaslsu ¢
exactly and because these low values are usually plotted to the left on a graph, nondetects are

of ten | abedrdorasd™ |wiftth val ues | ying somewher €
threshold.

In the environmental field, overly simplis methods are commonly used when censored data are
encountered. The first is to delete censored data valesting the lowest values obviously

produces biased results. The tests or statistics that result from this approach do not apply to the
entire data set collected, but only to the part of the data on the higher end of the distribution. The
argument for deletion is usually that the only interest is in detected observatt@second

method commonly used for dealing with nondetects or censlatads to assign an arbitrary

fraction of the detectionlimitThi s i s someti mes call eth “substit
several investigations, oti®lf the detection limit has been substituted for censored values.
Substitution can induce a sigrialot preseritin the original data or result in a biased estimate of

the mean with the highest variability.
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Substitution of ondnalf the detection limit is not a reasonable method for interpreting censored
data. The fundamental problem with this appob is in the statement that something is known
that really is not knownThis can be interpreted as the value of 0.5 times the detection limit is
known about the observatipand not some other value below the detection linitte true value
may have ben anywhere below the detection limit.

In truth, a great deal of information is available in censored dbédficient methods are used,
the information extracted from them is almost equal to that for data with single known values.
The information igrimaiily contained in the proportion of data below the threshold values.

In summary there are three approaches for extracting information from datasets that include
nordetects.

1 Substitution or fabricating numbersThese are widely used but have no theoretical basis
andarenot approved by DWMRCNumerous papers have shown that substitution
methods do not work well in comparison to other procedures.

1 Maximum Likelihood estimation (MLE) MLE uses data both below and above the
detection limit that are assumed to follow a certain distribution suttfedsgnormal.
Parameters are computed that best match a fitted distribution to the observed values
above each detection limit and the percentage of data below eachTlimimost crucial
consideration for MLE is how well data fits the assumed didtabu For small data sets
there is often insufficient information to determine the validity and reliability of the
assumed distribution and the estimated parameters.

The US EPA ProUCL program computes summary statistics for raw as welt as log
transformediata sets with and without nondetects observatiéos.uncensored data

sets, mathematical algorithms and formulae used in the program are discilssed.

ProUCL program also computes the MLE and the minimum variance unbiased estimates
(MVVUES) of the pgulation parameters of normal, lognormal and gamma distributions.
Critical values for gamma goodness of fit (GOF) for various decision statistics (e.g., UCL
and BTVs) are computed using MLE estimates.

1 Regression on Order Statistics (RO®)regression he is fit to normal scores of the
order statistics for uncensored observations and is used to fill in values imputed from the
straight line for observations below the detection liffitoUCL imputesiondetects
based upon a hypothesized distribution suechanma or lognormal distributiohe
ROS method yields a data set of a certain size (N) which is used to compute the various
summary statistics, and to estimate EPCs and BTVs.

5.0RISK EVALUATION CRITERIA AND SPECIAL CONSIDERATIONS

Target risk and hazddevels for human health are risk managenrt@sted criteria for

carcinogenic and noncarcinogenic responses, respectively, to determine: (1) whetbi&tsde
contamination poses an unacceptable risk to human health and requires corrective action or (2)
whether implemented corrective action(s) sufficiently protects human health. If an estimated
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risk or hazard falls within the target range, the risk manager must decide whether or not the site
poses an unacceptable risk. This decision should considéeghee of inherent conservatism or

level of uncertainty associated with the sifeecific estimates of risk and hazard. An estimated

risk that exceeds these targets, however, does not necessarily indicate that current conditions are
not safe or that thegresent an unacceptable risk. Rather, a site risk calculation that exceeds a
target value may simply indicate the need for further evaluation or refinement of the exposure
model.

For cumulative exposuffer soil via ingestion, inhalation, ardermal pathways, DWMRC uses

the US EPA RSLs based on a carcinogenic risk level cfrenee million(1E-06) and a
noncarcinogenic hazard quotient of 1.0. A carcinogenic risk level is defined as the incremental
probability of an individual developing cagrcover a lifetimeas a result of exposure to a

potential carcinogen. The noncarcinogenic hazard quotient assumes that there is a level of
exposure below which it is unlikely for even sensitive populations to experience adverse health
effects.

Fortheinitial screening assessment, the RSLs may be used in lieu of calculating dose for
exposure pathway

5.1 Hierarchy of Human Health Toxicity Data

The toxicity values used in calculatingsidential and composite worker (industrial/commercial)
RSLs are based on chronic exposutgle those for a construction worker will be based on
subchronic. The default RSLs already have the preferred toxicity built into them

However, the followindnierarchy of toxicity data should be followed when refined assessments,
to include target organ analysis, are conducidtke primary sources for the human health
benchmarks$ollow the US EPA Superfund programs tiered hierarchy of human health toxicity
values (US EPA 2003). Although the US EPA 2003 identiiexkral third tiezd sourcesa
hierarchy among the thirtler sources was not assigned by the US EPA - fiieearchy of

sourcego beappliedis as followgUS EPA, 2016a)

The belowhierarchyshould be followed when selecting target organs for a refined hazard
assessment.

1) Integrated Risk Information System (IRIS) (US ERA23 (www.epa.goV/iri3,

2) Provisional peer reviewed toxicity values (PPRTWlpGs://www.epa.gov/pprly

3) Agency for Toxic Substances and Disease Registry (ATSEB}/(www.atsdr.cdc.goy/
and minimal risk levels (MRLsh(tp://www.atsdr.cdc.gov/mrls/index.gsp

4) California EPA’s Offi ce Assdssmenmivaluesonment al
(CalEPA) https://dtsc.ca.gov/assessingk/), and

5) Health Effects Assessment Summary Tables (HEAST) (US EPA 1997a).
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5.2 Special Considerations

Special assumptions were also applied in determining appropriate toxicological d&tdsior c
chemicals.

5.2.1 Lead

The US EPA RSL Table recommends levels for lead, based on-leladohodeling
appliedfor the residential scenarios (Integrated Exposure Uptake Biokinetic Model,
IEUBK) and industrial/construction workers (Adult Lead MethodologlyM). If a site
specific screening level is needed, note that neither the IEUBK nor the ALM are
appropriate foacute exposures. For shtegtm exposure less than 90 days, periodic
exposure, or acute exposure, alternative modeling approaches should be BygtHRA (
2016.

Exposure to lead can result in neurotoxic and developmental effects. The primary seafeptor

concern are children, whose nervous systems are still undergoing development and who also
exhibit behavioral tendencies that increase their likelihood of exposure (e.g., pica). These effects
may occur at exposures so low that they may be considehevé no threshold and are

evaluated based on a blood lead Igvather tharanexternal dose as reflectadthereference
dose/reference concentratid®fD/RfC) methodology. Therefore, US EPA views it to be

i nappropriate to dafve’l opx ponwcrag cli mvogleni ci “e. ,
US EPA’'s |l ead assessment workgroup has recomm
relates measured lead concentrations in environmental media with an estimatdddiideslel

for assessing risks tesidential receptor®S EPA2016H. The model is used to calculate a

blood lead level in children when evaluating residential land use and in adults (based on a
pregnant mother’'s capacity .tHoweecegdSEPAbute t o f
recommends the use of the ALM for adult®wraluating occupational scenarios at sites where

access by children is reliably restricigés EPA 2016h) The DWMRCsoil concentration for

each receptor that would not result in an estimatedddead concentration of 10 micrograms

per deciliter fo/dL) or greater (residential adult of 400 mg/kg and industrial and construction

worker of 800 mg/kgtan be calculated. If the screening levels for lead are exceeded, it is
recommended thatsispe i f i ¢ bi oavail abilitnwitr@f | ead usi ng
bioaccessibility assay for lead be used to refine the screening levels. Note thapésitie

screening levels are defined, the exposure to a typical/hypothetical child resident must not have

an estimated risk exceeding 5%, or a resulting blood lead level of more than 10 pg/dL (US EPA
2016h).

The ALM along with sitespecific exposure parameters may be used if sspeeific screening
level for a landfill worker is proposed as part of a corgdibut request Refer to the DWMRC
guidanceon containeebut (DWMRC, 2022) for more detail.
https://documents.deq.utah.gov/wastanagemerandradiatiorcontrol/hazardous
waste/DSHW2020:015943.pdf
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5.2.2 Chemical Agents

Chemical agents may be suspecteddé@resent in soil at some sites. RSLs are not available for
chemical agents; therefore, chemical agents will be evaluated by comparing EPCs with the
healthbased screening levels (HBSLS) provided in the US Army Public Heath Command
(USAPHC, 2011) the port entitledChemical Agent HealtBased Standards and Guidelines
Summary Table 2: Criteria for Water, Soil, Waste, as of July 205A% updatedThe chemical
agent data are updated from the Oak Ridge National Laboratory (ORdvaluation of 1999
Health Based Environmental Screening 8e(HBESLSs) for Chemical Warfare Ageni&he

HBSLs shown in Tabl8 were calculated using standard US EPA methodology and exposure
and represent RME conditions.

Table 3. HealthBased Screening Levels (HBSLs) fo€hemical Agents

Agent Residential | Industrial
HBSL Worker
(mg/kg) HBSL?2
(mg/kg)
HD 0.01 0.3
(Mustard)
L 0.3 3.7
(Lewisite)
GA 2.8 68
(Tabun)
GB 1.3 32
(Sarin)
GD/GF 0.22 5.2
(Soman/Cyclosarin)
VX 0.042 1.1
@Note: Industrial worker HBSLs were not
converted from units of g/kg as listed in
USAPHC, 2011 (assume unit error in source
document)

The HBSL for HD is the only HBSL that is based on a carcinogenic endpoint. All other agents
listed in Table 3 havelBSLs that are based on noncarcinogenic endpoints. Risks and hazards
will be calculated for chemical agents and added to the cumulative risk and hazard index
calculations for respective scenarios.

The industrial worker is synonymous with an indoor wokkaat the industrial screening levels.
Residential HBSLs are considered protective of a construction worker scenario as both scenarios
require evaluation of soil from zero to 10 ft bgs (Table 1).

Risk-based screening levels have not been establishetdorical agents in drinking water.
TheU.S. Army Center for Health Promotion and Preventive Medigif#ACHPPM 1999)
evaluated th@otential for groundwater contaminatirom chemical agent and found that the
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groundwater contamination scenario was natipible due to hydrolysis, degradation, and
dilution of the agents. However, if toxicity data become available to qualitatively address this
pathway, this document will be updated to reflect the methodology and data.

5.2.3 Chromium

Elemental chromium (Cr) isaturally present and considered stable in the ambient environment
in one of two valence states: chromium (1) and chromium (VI). Chromium (III) occurs in
chromite compounds or minerals and concentrations in soil/groundwater result from the
weathering 6minerals. Chromium (lIl) is the most stable state of environmental chromium;
chromium (V1) in the environment is manade, present in chromate and dichromate
compounds, and is the more toxic of the oxidation st&a$S, 1993.

The oxidation statefcCr has a significant effect on its transport and fate in the environment.
The equilibrium distribution of the Cr between the two oxidation states is contogiliak
reduction/oxidation potentiat¢doX environment.Oxidation depends on a varietyfattors

and is a function of pH and the rate of electron exchange, or standard reduction potential (Eh).
Chromium (V1) is converted to the less toxic and much less mobile form of chromium (l11) by
reduction reactions. The corresponding oxidation of churonglll) to chromium (VI) can also
occur under oxidizing conditions.

The degree to which chromium (l1l) can interact with other soil constituents is limited by the fact
that most chromium (lll) is present in the form of insoluble chromium oxide precipitates
rendering chromium (lI) relatively stable in most soils. Oxidatd chromium (Ill) to

chromium (VI) can occur under specific environmental conditions with influencing factors
including the soil pH, chromium (lll) concentration, presence of competing metal ions,
availability of manganese oxides, presence of chelagegta (i.e., low molecular weight

organic compounds), and soil water activity. Chromium (Ill) oxidation is favored under acidic
conditions, where the increased solubility of chromium (111) at lower pH enables increased
contact with oxidizing agents. Agidrom decreasing soil pH, chromium (ll1) solubility is
enhanced by chelation to low molecular weight compounds such as citric or fulvic acids.
Conversely, factors influencing the reduction of chromium (VI) to chromium (Ill) in soil include
soil pH, the pesence of electron donors such as organic matter or ferrous ions, and soil oxygen
levels (CEQG, 1999). Chromium reducing action of organic matter increases with decreasing
pH.

Figure3 (TCEQ, 2002) shows a generalized-if diagram for the chromiwwate system.

Chromium (lll) exists over a wide range of Eh and pH conditions [e.§, Cr(OH), and CrQ
] while chromium (V1) exists only in strongly oxidizing conditions (e.g., HGedd CrGa).
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Figure 3. Eh-pH Diagram for Chromium

Generally, groundwater containing high concentrations of chromium is more likely to be
comprised of chromium (VI) than chromium (I1l) because chromium (lll) is more likely to have
precipitated as GDsx H2O and, to a lesser extent, adsorbed. Chromiurnig\Highly mobile in
groundwaters with neutral to basic pH. In acidic groundwaters chromium (VI) can be
moderately adsorbed by pitependent minerals such as iron and aluminum oxides. Under
favorable conditions, chromium (VI) reduces to chromium (lIpialy via ferrous iron, organic
matter, and microbes. The oxidation of chromium (l11) to chromium (VI) by dissolved oxygen
and monoxides is kinetically slower (TCEQ, 2002). Redox conditions and pH dominate Cr
speciation and thus are important parametgaired for assessment of groundwater data.

The RSL tables no longer contain His&ased screening levels for total chromiwercept forair).

The US EPA deleted the total chromium values due to uncertainty associated with the previously
applied ratio of trivalent to hexavalent chromium. The concern was that an assumed ratio (1:6)
had the potential to both und@nd overestimate risk.

For sites where chromium is to be included for analysis, a tiered process should be applied. If a
review of sitespecific geology and geochemistry indicates conditions are not favorable for the
possible presence of chromium (VI), additional sampling beaconducted to demonstrate that

total chromium is representative of only chromium (lIl). If sipeecific speciated data

demonstrate the absence of chromium (VI) in background and/or site soil, the use of the
chromium (Ill) SSLs may be warranted. Hoxe, if there is site history sufficient to identify
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chromium (VI) as a potential site contaminant, such as the site previously housed a plating
operation or soil/water chemistry may allow for speciation, analyses of media (soil and/or
groundwater) shoulohclude hexavalent and total chromium in the analytical suite along with
determination of pH (water samples) and Eh to assess chemical state. Comparison of the
speciesspecific data can be compared to representative background concentrations.

If site higory does not indicate a known source for chromium (VI), the data (soil and/or
groundwater) should be analyzed for total chromium. If the site levels of total chromium are
within background, no additional analyses would be required (chromium would drojte

risk assessment as a constituent of concern). However, if the total chromium concentrations are
statistically different (using a 95% confidence level) from background for soil or if chromium
appears to be a site contaminant in groundwater, diéned approach should be applied

A more detailed review of the site history should be conducted to see if there were any potential
sources for chromium (VI) or any processes that could have resulted in an alteration of
speciation (such as introductionasfids). If there is no potential source, or it does not appear

that any other chemicals or contaminants are present that may have altered the speciation of Cr,
and this can be documented, no additional analyses will be required, and the data may be
evaluded as total chromium.

If there is a potential source for chromium (V1) or the data are statistically different (using a 95%
confidence level) from background, additional sampling should be conducted to determine
speciation. The specispecific data Wil then be compared to the trivalent and hexavalent
chromium EPA RSL screening levels

5.2.4 Dioxin/Furans

Dioxins/Furans Toxicity data for the dioxin and furan congeners were assessed using the

2005 Worl d Health Organi z atdados(TER (VanwWehO) t oxi ci
berg, et al 2006) and are summarized in Tdblg/hen screening risk assessments are

performed for dioxins/furans at a site, the TEFs in Tdldlkould be applied to the

analytical results and summed for each sample location; theosuaxjcity equivalent

(TEQ) as calculated using Equatsdhand 2 should be compared to the EPA RSL
2,3,7,8tetrachlorodibenzp@-dioxin (TCDD).

“YO'O0 "YOO Equation 1
B"'YOS "YOOU Equation 2
Where:
TEFR = Congeneispecific toxicity equivalency factd@mable 4)
Ci = Congenesspecific concentration

TEQ = Toxicity EquivalentConcentration

28



June 203

Table 4. Dioxin and Furan Toxicity Equivalency Factors

Dioxin and Furan TEF
Congeners

Chlorinateddibenzep-

dioxins
2,3,7,8TCDD 1
1,2,3,7,8PeCDD 1
1,2,3,4,7,8H4xCDD 0.1
1,2,3,6,7,8HXCDD 0.1
1,2,3,7,8,9HxCDD 0.1
1,2,3,4,6,7,HpCDD 0.01
OCDD 0.0003

Chlorinated dibenzofurans
2,3,7,8TCDF 0.1
1,2,3,7,8PeCDF 0.03
2,3,4,7,8PeCDF 0.3
1,2,3,4,7,8HxCDF 0.1
1,2,3,6,7,8HXCDF 0.1
1,2,3,7,8,9HXCDF 0.1
2,3,4,6,7,8HxCDF 0.1
1,2,3,4,6,7,HpCDF 0.01
1,2,3,4,7,8, HpCDF 0.01
OCDF 0.0003

5.2.5 Polycyclic Aromatic Hydrocarbons (PAHS)

PAHSs consist of chemicals that belong to the same family and exhibit similar
toxicological properties. However, they differ in their degree of toxicity and a relative
potency factor (RPF) is sometimes applied to adjust the oral slope factor or inhalation
unit risk factor and basing the RPF lmenzo(a)pyrene

Provisional Guidance for Quantitative Risk Assessment recommends that a RPF be used
to convert concentration of carcinogenic PAHs (CPAHS) to an equivalent concentration of
benzo(a)pyrenehen assessinrisks posed by these substances from oral expostines.
RPFs are based on the potency of each compound relative to ltleaizo{a)pyrene

Thetoxicity values contained in th®SL tables have already been adjusted using the
RFPs. The RSL SSLs for each PAH may be used and adjustment with RPFs is not
required Computationally it makes no difference or little difference whether the RFPs
are applied to the concentrations of PAHs foundhéndnvironmental samples or to the
toxicity values as long as the RFPs are not applied to both.
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5.2.6 Polychlorinated Biphenyls (PCBs)

PCBs refer to complex manade mixtures of chlorinated hydrocarboRCBs were specifically
manufactured for their insulag properties and have historically been used in capacitors,

transformers, and other electrical equipment as they do not easily burn, evaporate nor conduct
electricty. The term “Aroclor” refers to a PCB mixtur
PCB comeners. Theoretically, Aroclor mixtures can contain up to 209 different individual PCB
congeners; however, most Aroclors contain only about 130 individual congeners.

Historically, it was appropriate to screen sites as well as estimate risks basedlon Aro
data for both human health risk and ecological risk assessments. Recent guidance,
however, requires that much more detailed information on polychlorinated biphenyl
(PCB) congener data be collected at P€oBtaminated sites.

For PCB risk assessmemderUAC R315101, Aroclor analysis can be used as a preliminary
screen and to investigate the nature and extent of contamination where release is suspected,
for presence or absence of PCBs. If site history indicates no release or use of PCBgfrconge
analysis will not be requireddowever, at sites where site history indicates PCB release
especially from PCB transformers or used oil recycling sites where the potential exists for a
mixture or used oil and PCB oil, congener analysis must be peddo@nduct duman health

or ecological risk assessment

The results of Arocloanalysishowever, must be interpreted carefully because a preliminary
data indicating no PCB contamination may be a false negative ré$istis true when PCB

mixture has undergone extensive weathering tir@lebychanging the Aroclor composition for
which the analytical method was based. To confirm that no PCB congeners are present, it may
be necessary to conduct congener analysis on a limited number of salmpldfition, it is also
possible to have Aroclor nestetect but have the dioxiike PCB congener present at levels that
pose unacceptable risk to human health and the environment.

The toxicity of a particular PCB mixture, whether it is the original commete@tlor or
weathered environmental mixture analyzed in a sample, is dependent on the type and quantity of
individual PCB congeners present in the PCB mixtékhough information on homologue
composition can provide general information, it does not provide corgpaeific information
that is necessary to quantify toxicity and potential risKsis is because the toxicity of specific
individual PCB congenemithin each homologue group can vary by several orders of
magnitude. In other words, knowledgehaimologuecomposition is not particularly useful in
guantifying the toxicity of the PCB mixtur@Vhile thenumberof chlorines represented in each
homologuegroup is important, it is the threkmensionapositionof chlorines and the
conformation of the biphenyl rings that ultimately govern the toxicity of each of the 209 PCB
congeners. Thus, it is not possible to assign toxicity values to homologue gitwapsfore, to
evaluate the toxicity and health risks associated with environmental PCB mixtures, the
composition and concentration of individual PE€&hgenersnust be quantifiedIn addition, the
position of the chlorination on the biphenyl riggverngoxicity.
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A small subset of PCB congeners evokes didikia toxic effects, which should be target
analytes if an HHRA or ER#s conducted.There are 13 different PCB congeners in this group
that have been identified by Ahlborg et al. (1994) and U.S.@PR86) that are structurally
similar to chlorinated dibenzp-dioxins (CDDs) anahlorinated dibenzo furan€DFg. These
can be present in Aroclors 1242, 1248, 1254, and 1Ri@. dioxin, these PCB congeners all
bind to the aryl hydrocarbon receptodaglicit dioxin-specific biochemical and toxic responses.
These toxic responses are exacerbated because these congeners have difenqg tredfbody
(for many decades) and persist and accumulate in the food chain.

Ahlborg, et al. (1994) hawderived TEF for each of the 13 congeners as a fraction of the toxicity
of 2,3,7,8TCDD.

Toxicity data for the dioxidike PCBs relative to 2,3,7-8CDD toxicity can be found on

the EPA RSL Tables. TEFs for nontho [International Union of Pure and Apglie

Chemistry (IUPAC) numbers 77, 81, 126, and 169)] and rastie congeners (IUPAC
numbers 105, 114, 118, 123, 156, 157, 167, and 189) were assessed using the 2005 WHO
TEFs (Van den Berg, et al 2006) while TEFs feodho congeners (IUPAC numbers

170 andl80) are taken from Ahlborg, et al, 1993 (see Tak¢. 2

The toxicity information (cancer potency factors) listed in the RSL Tables for the
numbered PCB congeners are derived by applying the respective TEFs to the toxicity
data for 2,3,7,8'CDD. This neans there should be no modification of sample data
and/or the RSL values when conducting PCB risk assessment.

High Risk, Low Risk, Lowest Risk in Calculating Risk

TheUSEPA RSL Tabl e contains PCB screening | evel
ri @ak’'d *“ | o whHowdver, as neti&d above, the screening hierarchy for PCBs is
thatAroclorsmay be used for an initial presence/absence determination, but individual

congener data are required if PCBs are confirmed present or a known COPC. Therefore

the individualAroclor and/or congener RSLs are used and preferred over total PCB data

and High/Low/Lowest risk RSLs should not be used.

5.2.7 Total Petroleum Hydrocarbon (TPH)

Traditionally, hydrocarboiimpacted soils at sites contaminated by releases of petroleum fuels
have been managed based on their total petroleum hydrocarbon (TPH) coRtidnefers to

the total mass of hydrocarbons present without identifying indivichralpounds.In practice,

TPH is defined by the analytical method that is used to measure the hydrocarbon content in
contaminated mediaSince the hydrocarbon extraction efficiency is not identical for each
method, the same sample analyzed by different eHhods will produce different TPH
concentrations.

The hazard and health risk assessments that are typically conducted to support risk management

decisions at contaminated sites generally require some level of understanding of the hydrocarbon
chemical conposition present in the contaminated medieaditional TPH measurement
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techniques, however, provide no specific information about the detected hydrocdaboasse
TPH is not a consistent entity, the assessment of health effects and developmeaaityof tox
values for mixtures of hydrocarbons are problematic.

On that basiDWMRC assesses risk from TPH by analyzing and assessing the individual
chemical constituents rather than relying on TPH fraction das& of theUtah Department of
Remediation ath Environmental Respon$PERR)Underground Storage Tarhitial Screening
Levels(ISLs) andbr Tier 1 Screening LeveBrenot appropriatéo usein risk assessmest
conducted for UAC R31401.

The EPA RSL Table contains a listing of TR#Ections based on the PPRTV assessment.
However, to circumvent problems associated with analytical methods and toxicity values for
hydrocarbon mixtured)JAC R315101 requires using the individual chemical constituents to
evaluate risk from TPH releas@ll the TPH indicator compounds including most of the
carcinogens in the TPH carbon range are listed in the EPA RSL Table. 5Taddev shows
typical listings of TPH indicator compounds.

Table 5. Indicator Compounds Associated with Common TPH Mixtures

Indicator Compounds

Benzene
Toluene
Ethylbenzene
Xylene
Acenaphthene
Anthracene
Benzo(a)pyrene
Chrysene
Dibenz(a,h)anthracene
Indeno(1,2,3cd)pyrene
Benzo(k)fluoranthene
Benzo(b)fluoranthene
Benzo(a)anthracene
Fluoranthene
Fluorene
Naphthalene
Pyrene
Lead (inorganic)
Metals
Methyl tert butyl ether (MTBE)
Methyl ethyl ketone (MEK)
Methyl isobutyl ketone
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5.2.8 Polyfluoroalkyl and Perfluoroalkyl Compounds (PFASRESERVED, For
Informational Purposes Only

Polyfluoroalkyl and perfluoroalkyl compoundBFAS) which aresynthetic chemicals that do

not occur naturally. However, once released, they are persistent and mobile in the environment.
These compounds (anther PFAS) repel oil, grease, and water and have been used in many
consumer, commercial and industrial products (Gaines, 2022).

Perfluorinated compounds are considered an emerging contaminant. These include
perfluorohexane sulfonic acid (PFHxS), perflioctane sulfonate (PFOS), and
perfluorooctanoic acid (PFOA).

PFAS may be divided into two primary categories: polymer (or potential precursors) and non
polymer PFAS. Tablé lists the most common PFAS that shouldrmdudedin analytical

suites. In adition, to the listed PFAS, four replacement chemicals, GenX, Adona, and F53b
major and minor should be included in the analytical suite as appropriate based upon site history.

Table6. PFAS Analyte List

Analytical Name Acronym CAS Number
Perfluorotetradecanoic acid PFTeA 376-:06-7
Perfluorotridecanoic acid PFTriA 7262994-8
Perfluorododecanoic acid PFDoA 307-55-1
Perfluoroundecanoic acid PFUNA 205894-8
Perfluorodecanoic acid PFDA 33576-2
Perfluorononanoic acid PFENA 375951
Perfluorooctanoic acid PFOA 33567-1
Perfluoroheptanoic acid PFHpA 375859
Perfluorohexanoic acid PFHXxA 307-24-4
Perfluoropentanoic acid PFPeA 270690-3
Perfluorobutanoic acid PFBA 37522-4
Perfluorodecanesulfonic acid PFDS 33577-3
Perfluorononanesulfonic acid PENS 6825912-1
Perfluorooctanesulfonic acid PFOS 1763231
Perfluoroheptanesulfonic acid PFHpS 37582-8
Perfluorohexanesulfonic acid PFHxS 35546-4
Perfluoropentanesulfonic acid PFPeS 270691-4
Perfluorobutanesulfonic acid PFBS 375735
Perfluoroictabesylfonamide PFOSA 75491-6
Fluorotelomer sulphonic acid 8:2 FtS 8:2 39108344
Fluorotelomer sulphonic acid 6:2 FtS 6:2 2761997-2
Fluorotelomer sulphonic acid 4:2 FtS 4:2 75712472-4
2-(N-Ethylperfluoroactanesulfonamido) acetic aci{ N-EtFOSAA 2991-50-6
2-(N-Methylperfluoroactanesulfonamido) acetic ai N-MeFOSAA 235531-9
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Despite the large number of potentially present substances, toxicity studies have only been
conducted on a few PFAS. While PFAS are a class of emerging compounds, there is much focus
on these substances by State and Federal regulatory communitiemtittigated that there will

be changes and updates to preliminary screening levels as more data become available.

It is noted that the June 2022 tap water screening levels for PFOA, PFOS and
Perfluorobutanesulfonic ac(fPFBS, which are basedonthe BSP A’ s updat ed Li f et
Advisories (US EPA 2022c) in drinking water, are very low and the new tap water screening

levels may be below the capability of instrument MDLs. Until labs revised methods to obtain

lower MDLs, the risk assessment should dsscany detections between the new tap water

screening levels and detection limits in the Uncertainty Analysis and include lines of evidence to
support any claim on risk.

US EPA has proposed PFAS national primary drinking water regulation and if finalited
regulate PFOA and PFOS as individual contaminants at four parts per {piiyror 4.0
nanograms per litg§ng/L) andwill regulate four other PFAS Perfluorononanoic aci(PFNA),
PFHxS, PFBS and GenX Chemicals as a mixture using the hazaxd Hijlapproachwhere the
HI must be less than or equal to pas shown in Table. 7

Table 7. Proposed MCLs for Select PFAS

Compounds ProposedMCLs

PFOS 4 ppt (4.0 ng/L)

PFOA 4 ppt (4.0 ng/L)

PFHXS

GenX Hazard Index = 1.0 (unitless)*

Chemicals

PENA

PFBS
*Learn more about the hazard index calculateomg the specific levels for these
four PFAS below

EPA is proposing to regulate four PFARFHXS, GenXChemicals, PFNA, and PFBSas a

mixture, using an established approach called a hazard index. The Hazard Index is a tool used to
evaluate health risks from simultaneous exposure to mixtures of certain cherviaals PFAS

are found together and different levels and combination&stimating risk by considering one
chemical at a time may underestimate the health risks associated with exposure to many PFAS at
the same timeTo prevent health risks from mixtures of certain PFAS in drinking waieh i&
proposing to use this Hazard Index calculation to regulate PFHXS, GenX Chemicals, PFNA, and
PFBS in public water system3.0 determine the Hazard Index for these four PFAS, water

systems would monitor and compare the amount of each PFAS in drim&iagto its associated
Health Based Water Concentration (HBWC), which is the level at which no health effects are
expected for that PFASWater systems would add the comparison values for each PFAS
contained within the mixture. If the value is greatanthi.O, it would be an exceedance of the
proposed Hazard Index MCL for PFHxS, GenX Chemicals, PFNA, and PFBS.
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How is the Hazard Index for PFHxS, GenX Chemicals, PFNA, and PFBS calculated?

To determine théll for these four PFAS, water systems would maméind use those sampling
results as inputs into a formula with their Hedbthsed Water Concentration (HBWC) (i.e., the
level at which no health effects are expected for that PFAB. proposed HBWCs for each of
the four PFAS aren Table 8

Table 8. Health Based Water Concentrations for Select PFAS

Compound HMWC
(Ppt)
PFHXS 9.0
GenX Chemicals 10
PFENA 10
PFBS 2000

Water systems would use a calculator tool provided 8¥PA to easily determine theitl
result. The tool performs the calculation explained below.

For each of the four PFAS, the calculation first divides the results of the drinking water sample
by the HBWC and then adds all the values for each PFASe total value is greater than 1.0, it
would be an exceedance of the propadédICL as follows:

‘00 Equation 3

Where
GenXy = monitored concentration of GeriX water
PFBS, = monitored concentration of PFBi$water
PFENAy = monitored concentration of PFNiA water
PFHxS, = monitored concentration of PFHx$water

For example, if the mixture contains the following levels of these four PFASI| toe that
mixture would egeed the proposed MCL.

) Equation 4

Following recent peereviewed science that indicates that mixtures of PFAS can pose a health
risk greater than each chemical on its own) &édps to account for the increased risk from
mixtures of PFAS that may be found in contaminated drinking water and or the environment.
The Hl is a longestablished tool thddS EPA regularly uses in addressing risks of chemical
mixtures and it is used aontaminated sites under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and sites under the RCRA.

PFOA and PFOS were nioicludedin the HI calculation becau$¢S EPA has determined that
PFOA and PFOS are likely carcinogens (i.e., cancer causing). This means that there is no level of
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these contaminants that is without a risk of adverse health effects. Thet S&PA is
proposing to set the MCL for these two caonaants a# ppt the lowest feasible level based on
the ability to reliably measure and remove these contaminants from drinking water.

US EPA used theractical quantitation limitsRQLS9 for the six PFAS proposed for regulation

in determining the propesl MCLs. US EPA has identified the PQLSs for the six PFAS proposed
for regulation as shown in Tal®ebelow. The PQL is defined as the lowest concentration of a
contaminant that can be reliably achieved within specified limits of precision and accuracy
during routine laboratory operating conditioniBhis level provides the precision and accuracy
thatUS EPA estimates can be achieved across laboratories nationwide.

Table 9. Practical Quantitation Limits for Select PFAS

Compound PQL (ppt)
PFOS 4.0
PFOA 4.0
PFHxS 3.0
GenX Chemicals 5.0
PFNA 4.0
PFBS 3.0

5.2.9 Salts

Salts are immensely soluble in ground and surface w&tdmity is the measure of the amount

of salt present in soil and wateBalinity is broadly classified into primary and secondary.

Primary salinity is the product of natural processes that deposit salts for an extended period on
land and water like weaghing, rain, and strong windVhereas secondary salinity is the action

of anthropogenic activity such esleasing of oil and gas production water, well development
fluids, hydraulic fracturing fluids, and flowback waters on the grdivedf, et.al, 2011)

In arid regions, such as Utah, soil drainage is often poor and evaporation rates aSohégh.
with sandy topsoil and dense clay subsoils may have severe problems at depth without any
surface signsThe clay disperses because of an excessive proportion of sodium in the
exchangeable cations attached to the surface of the $talg withsix percent or more of

sodium as a percentage of the total exchangeable cations areSadiicity in soils haa strong
influence on the solil structure of the layer in which it is presartigh proportion of sodium
within the soil can result in dispersiomherethe clay particles swell strongly and separate from
each other on wettingOn drying, the soil becoes dense, cloddy and without structufdais
dense layer is often impermeable to water and plant réo&ddition, scalding can occur when
the topsoil is eroded and sodic subsoil is exposed to the surface, increasing erodituigy.
sodicsoilsader sel y aff ect (Wehnan, gI0OY nt s’ gr owt h.

If salts are released to surface soil, and sufficient precipitation does not wash the salts to below
plant root levels, the increased soil salinity will stunt growth and eventually kill most of the
native plants.High salt levels hinder water absorption, inducing physiological drought. The soil
may contain adequate water, but plant roots are unable to absorb the water due to unfavorable
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osmotic potential. This is referred to as osmotic or waééicit effect of salinity(Greenway and
Munns, 1980).Plants are generally most sensitive to salinity during germination and early
growth. Salinity inhibits seed germination, plant growth, development, and mneltbwers soil
water potential and leaf water potential distngplant water relations and redng the turgor

of plant, which ultimately leads to osmotic stré&sf, et. al, 202). Soil salinity imposes ion
toxicity, nutrient deficiencies, nutritional imbalances, osmotic stress, and oxidative stress on
plants(Pichtel, 2016). With native plants unable to thrive in saline conditions, the soil is either
left barren and subject grosion or nomative invader species may also move into the area.

Runoff from saline soils into surface water bodies, the galli$end to sink towards the bottom

of the water bodycreating a dense layer that can inhibit gas exchange with thgingesiater

This can lead to the development of low oxygen conditions that are detrimental to fish and other
aguatic organism@rif, etc. al, 2020)

When there has been a release of salts to either soil or a water body, the ecological toxicity of the
increased salts and salinity must be evaluated as part of the risk assessment. For oil and gas
production water, well development fluids, hydraulic fracturing fluids, and flowback waters, in
addition to salts, other common contaminants include&rsolublelow molecular weight

organic acids and monocyclic aromatic hydrocarbtmal PAHs,and higher molecular weight

alkyl phenols

As noted above, with time, and continued natural precipitation, the issue of adsorption,
complexation, lability of contaminastn soils, and the corresponding reduction in toxicity over
time is an important issue in understanding the fate of salts in soils.

Sufficient ecological toxicity data are available for most salts, to include sodium, chloride,
bromide, nitrate/nitriteand phosphate. If a release of saline waters has occurred, remediation
may be needed along with a s#gecific ecological risk assessment.

5.2.9.1Salt Affected Soil

A soil-affected soil is defined as a soil that has been adversely modified for the grglahtef
by the presence of or actions of soluble salts. This group of soils includesodathndsaline
soils(Nomenclature Committee Report, 1958aline soilcontains sufficient soluble salts to
interfere with growth of most crop plantSodicsoil contains sufficient exchangeable sodium to
interfere with the growth of most crop plantalinesodicsoil contains sufficient salt and
exchangeable sodium to interfere with the growth of most crop plants.

Most saltaffected soils are associatediwsemiarid and arid climates. It should be noted that

not all soils in arid regions are salffected. Under a drglimate regime such as in Utah, the
potential evaporation rates greatly exceed precipitation over most of the year (James et al.,
1982). This climate condition dictates that essentially no water percolates through the soil under
natural conditions.
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5.2.9.2Classification of Salaffected Soil

Saltaffected soils may be classified intormal,saline,sodic and salinesodiccategories. The
criteria used to classify sadfffected soils are:

1. Electrical Conductivity (EC):

Measures the ability of the soil solution to conduct electricgsglinity of the saturation
extract as measured by the electrical conductivity 4C2&nd expressed neciprocal
ohms or ohritand referred to as mho (ohm spelled backwards). Conductivity is
expressed as specific conductance or conductance of a unit volume of solution as
millimhos per centimeter (mmhos/cm). According to lth Salinity Lab S SLS,
1954)asaline salthas an EC of 4 ds/m or greater. Plants vary in their tolerance to
salinity which influences water uptake or available water.

2. Total Soluble Salts (TSS)
Refers to the total amount of salts in a-saiturated paste extract expressechilligrams
per liter fng/L). The total soluble salts (TSS, in mg/L) are approximately equivalent to
640 times the electrical conductivity (EC, in mmhos/cm).

3. Exchangeablesodium percentage (ESP)

ESP is the sodium adsorbed on soil particles as a percentage of the Cation Exchange

Capacity (CEC). CEC is the estimated sum of the major exchangeable cations, including

hydrogen and expressed as milliequivalent per 100 grams of soil (meq/Ba@g¢. sd
has an ESP greater than 15% (US Salinity Lab, 1954). ESP is used to characterize
sodicity of soils only.

Sodicity is manifested in the swelling and subsequent deflocculation (dispersion) of the

clay minerals, resulting in retardation of both air armder entry into the soil. Sodicity is
particularly serious in heawgxtured soils that contain 2:1 expanding clay minerals.
Sandy oils are affected less due to their low clay content.

4. Sodium Adsorption Ratio (SAR)

SAR describes the proportion of saaitio calcium and magnesium in soil solution.
Concentrations are expressed in milliequivalents par(iteq/L) analyzed from a
saturated paste extract. Whbe SAR is greater than 13, the soil is calteztlic soil
Excess sodium in sodic soils causei$ garticles to repel each other preventing the
formation of soil aggregates. The result is a very tight soil structure with poor
infiltration, poor aeration and surface crusting making tillage difficult and restricts
seedling emergence and root grottunshower, 1994; Seelig, 2000; Horneck et al.,
2007).
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Figure 4provides the classification shlt-affected soils usinthe saturateghasteextraction
method for determining the amount of salt in soil

Class EC SAR ESP Typical soil
(mmhos/cm) structural
condition?
Normal Below 4.0 Below 13 Below 15 Flocculated
Saline Above 4.0 Below 13 Below 15 Flocculated
Sodic Below 4.0 Above 13 Above 15 Dispersed
SalineSodic Above 4.0 Above 13 Above 15 Flocculated

1 Soil structural condition also depends on other factors not included Metieal Resources Conservation
Service NRCS classification system, including soil organic matter, soil texture, and EC of irrigation water
2 Flocculated soit soil stuck togdter, aggregated. Allows for water to move through large pores and plant
to grow mainly in pore spaced.

% Dispersed soit soil that is plugged with no aggregate formation. Impedes water movement and soil drai

Figure 4. Classification of Sataffected Soils §aha, 2022
5.2.9.3Visual Diagnosis of Salaffected Soil

The three soil conditionssaline, salinesodic and sodic soilesulting from accumulation of
salts have distinct characteristics that can be observed in the field. These chiécacezis
useful and helpful for diagnosing salinity problems. Completely white soils, or soils with a
white crust aresaline Plants may exhibit leaf tip burn. Soils with breblack crust or a black
powdery residue argodicand are indicative of poalrainage. Grey colored soils with stressed
plants are generallsalinesodic

5.2.10 Contaminants of Emerging Concern

Contaminants of emerging concern are those contaminants possibly present in environmental
media that are suspected to elicit adverse effects to human and ecological receptors but may or
may not have established health standards or established analytloadlsneAs many agencies,
including the US EPA, are working to understand the types of effects and levels of concern in
environmental media, it is important to consider whether emerging contaminants may be present
at facilities in Utah.

For facilities where a regulatedontaminant of emerging concasdetected in site media and
RSLs are available, a quantitative analysis is requirB$lifs are availablelf RSLs are not
available, a qualitative discussion of potential exposure and impact on osévhathzard must

be included in the risk assessmelfithe detectedontaminant of emerging concasmnot
regulated e.g., PFAS, only a qualitative assessment will be required in a risk assessment
describing potential impacts on human health and the@maent in a risk assessment until such
time that thecontaminant of emerging concdsacomesegulatedandRSLs become available.
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6.0HUMAN HEALTH RISK ASSESSMENT

The methodology and exposure assumptionsaiattilized in order to quantify risks and

hazards to current and future human receptors at sites in accordance with UACOR315

follows the standard exposure scenarios at thelgiteypothetical residential land uaed
constructionor 2) actual (industrial) land us@d construction Risk asessments must be
conducted at sites where the nature and extent of contamination has been fully characterized.
This applies to sites in Environmental Cleanup Program, Corrective Action Sites, and permitted
facilities.

Note that if the nature and erteof contamination has not been defined for a site, a risk
assessment should not$fémitted to the DWMRC

6.1 RSLs

The RSLs for the resident andmposite worker (i.eindustrial/commercial workgiare

tabulated and available for soil, indoor air, amp water The RLS based on a cancer risk of 1E
06 and a HQ of 1.0 should be applied. The HQ of 1.0 over 0.1 is acceptable, as DWMRC
requires all COPCs to be evaluated for a combined assessmeotahhtl (See Equation 11)

Table 10. What RSL to Use for a Given Medium

Exposure Medium RSL to Use
Soil Soil
Indoor air Indoor air
Groundwater Tapwatet
Vapor intrusion (soil gas or groundw3gter VISL (see Section 7)

While an MCL may be used fasite characterization and as a protection standard for corrective action, the
tapwater RSL is applied for risk assessments. This is because the MCL is not derived purely on toxicity
rather incorporates technology constraints. The risk assessmeetvahigtes toxicity.The tapwater RSL
applies to both residential and industrial/commercial receptors.

RSLs are not available for a construction worker and thHinercalculator should be used to
derive construction worker screening levels.

6.1.1 Construction Worker RSLs

The RSL calculator may be used to calculate the Construction Worker screening level values.
The default values in the calculator may be used to calculate the SSLs. Howevedjribe on
calculator requirea particulate emissiofactor (PEF) and volatilization factor (VFA default

PEF has been calculated as showRdunation 5 This equatiorcanalsobe usedo developa
site-specific PEFor a construction worker scenaas needed.

US EPA toxicity data indicate that riskem exposure to some chemicals via the inhalation
pathway far outweigh the risk via ingestion or dermal contécotaddress the soil/sedimewot
air pathways, th&SL calculations incorporate a VF for volatile contaminants and a PEF for
semtvolatile ard inorganic contaminants.
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Inhalation of chemicalabsorbedo suspended respirable particles in ambient air is assessed by
calculating a sitespecific PEF, which is calculated based on modeled fugitive dust emissions

from contaminated soils. The PEF askbes dust generated from open sources, which is termed
“fugitive” because it is not discharged into
details on the methodol ogy associated with t
Soil Seeening Guidance: Technical Background Docun{el@ EPA 1996)Supplemental

Guidance for Developing Soil Screening Levels for Superfund(BifseEPA 2002a) anHuman

Health Risk Assessment Protocol for Hazardous Waste Combustion Fagili¢sPA 1998a).

h

It is important to note that the PEF for use in evaluating exposures of industrial worker receptors
addresses only windborne dust emissions and does not consider emissions from traffic or other
forms of mechanical disturbance, which could lead to agréatel of exposure. The PEF for

use in evaluating the construction worker exposures considers windborne dust emissions and
emissions from vehicle traffic associated with construction activities. Therefore, the fugitive
dust pathwaynustbe consideredarefully when developing the CSM at sites where receptors

may be exposed to fugitive dusts by other mechanisms.

Equation 5. Derivation of the Particulate Emission Factor
é g
- 3 _— € R u
PERw = Q/Cew?® & e AWE™, (365 daygyr - P)_ .. VKT
2 %9 365 daygyr a ﬂ
Parameter | Definition (units) Value Reference
PERw Particulate emission factor for a construction worker 2 1E4+06 Calculated
(m3kg) ' (Default)
Q/Ccw Inverse of a mean concentration at center of @06 2302 US EPA 2002b
square source (gfs per kg/m) '
Fo Dispersioncorrection factor (unitless) 0.185 US EPA 2002b
T Total time over which construction occurs (s) 7.2E+06 US EPA 2002b
Ar Surface area of road segmenfym 274.2 US EPA 2002b
W Mean vehicle weight (tons) 8 US EPA 2002b
P Number of days with at lea8t01 inches of 60 US EPA 2002b
precipitation (days/yr)
SVKT sum of fleet vehicle kilometers traveled during the 168.75 US EPA 2002b
exposure duration (km) '

The soitto-air VF is used to define the relationship betweerctreentration of theontaminant

in soil and the flux of the volatilized contaminant to ambant The volatilization factor is
applicable to COPCs that are VOG#0Cs are defined as thoskemicals having Henr y ' s
Law constant greater than 1 x3&tmospheresubic metes permole (atmm®mole) and a
molecular weight less than 2@8ams per moleg{molg. The emission terms usedtime VF are
chemicalspecific and will be calculated from physigdlemical information obtaineidom

sour ces i ncl SoilScreang GuilanEeP TRechsical Background Documigsi®
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EPA, 1996 and 2001), US EPA Master Physical and Chemical Parameter talgedimpment
US EPARSLs(US EPA 2011p , U S Bé&siesfof RRimpnd Treat Groundwater
Remediation TechnolodyUS EPA 1 9 9 Mgrmal ExBosuERskssmerftyS EPA
19923, Superfund Public Health Evaluation ManyblS EPA 1986), UL P A Adslitional
Environmental Fate ConstanfgdS EPA 1995), Hazardous SubstaRmease/Health Effects
Database (ATSDR 2003), thesR Assessment Information Systel@tabase (DOE 2005),
and/or theCHEMFACTS database (US EPA 2000dhe VF is calculated usingquation6.

Equation 6
Derivation of the Volatilization Factor for Construction Worker Scenario
é 3 3 05 ~
VE.,, =g Ds 7) 81042 Q/C? (IUF,)
c 2°r,*D, =

Where:

€(gi"DHi+ 41D, )9

y 2 ;

o -8 n 0
oK, T aH
Parameter Definition (units) Default
VFscw Volatilization factor for soil construction worker Chemicalspecific
(m’kg)
Da Apparent diffusivity (cr¥s) Chemicalspecific
Q/C Inverse of the mean concentration at the center « Salt Lake
0.5 acresquare source (gfs per kg/m)
T Exposure interval (s) 3.15E+07
104 Conversion factor (Afcm?) 1E-04
Fo Dispersion correction factor (unitless) 0.185
Iy Dry soil bulk density (g/cr) 1.5
n Total soil porosity  (ru/rs) 0.43
Oa Air-filled soil porosity (- qw) 0.17
Ow Waterfilled soil porosity 0.26
rs Soil particle density (g/cih 2.65
Da Diffusivity in air (cn/s) Chemicalspecific
H’ Di mensionl ess Henry's Chemicalspecific
Dw Diffusivity in water (cn#/s) Chemicalspecific
Ka Soil-water partition coefficient (cfg) = KocX foc Chemicalspecific
(organics)

Koc Soil organic carbon partitiotoefficient (cni/g) Chemicalspecific
foc Fraction organic carbon in soil (g/g) 0.0015

6.1.2 Construction Worker Dermal Contact with Groundwater

If VOCs are present, follothe methodology for a trench scenario outlined in Segtian
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If shallow groundwater is present at a site at depths less than 10 ft bgs, it is possible that a
construction worker could come into contact with potentially contaminated groundwater during
intrusive activities. Incidental ingestion of groundwater may occur, but the amount of
groundwater accidentally ingested is assumed to be negligible and evaluation of this scenario
would not result in significant risk. However, exposure through dermahctontith

groundwater must be evaluated if: 1) groundwater is less than 10 ft bgs, and 2) groundwater has
been impacted by site activities.

Equation7 below is used to estimate tdermally absorbed dosBAD) from accidental contact
with contaminated growdwater (US EPA, 2004).

Equation 7. Dermal Absorbed Dose (DAD) Incidental Contact with Groundwater
e . OO Ow 00 00 Yo
OCo O —
Oow 0°7Y
Parameter | Definition (units) Value Reference
DAD Dermally Absorbed Dose (mg/kdpy) -- --
DAevent Absorbed dose per event (mgfeavent) | Chemicalspecific | Equations3 or 9
EV Event Frequency (events/day) 1 US EPA 2004
ED Exposure Duration (yr) 1 DSHW, 2008
EF Exposure Frequency (days/year) 125 DSHW, 2008
SA Skin surface areavailable for contact | 3,470 US EPA 2014
(cn?)

BW Body Weight (kg) 80 US EPA 2014
AT, Averaging Time, carcinogens (days) ED x 365 days/yr | US EPA 2004
ATh Averaging Time, noncarcinogens (dayg 70yr x 365 day/yr | US EPA 2004

The absorbed dose per event is dependent on the lag time and the permeability of the chemical
into the skin and is evaluated differently for organics and inorganics. Eq8atimws the
calculation methods for organic constituents. US EPA 2004 guidahd® followed for

determining lag times artinesto reach steady state and sifeecific data will be used where
available.
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Equation 8. Dermal Absorbed Dose per event for Organic Constituents
If tevent ¢ t*, then:
06 cos o & ¥ 0O
If tevent> t*, then:
o~ o~ . O p o6 ab
00 00 0 O ~ ¢t —_—
p 0 p 0
Parameter | Definition (units) Value Reference
DAevent Absorbed dose per event (mgfeavent) Chemical US EPA 2004
specific
FA Fraction absorbed water (unitless) Chemical US EPA 2004
specific
Kp Dermal permeability coefficient in water Chemical US EPA 2004
specific
Cw Chemical concentration in water (mgfm Site-specific | EPC
t event Lagtime per event (hours/event) Chemical US EPA 2004
specific
tevent Event duration (hours/event) 1 US EPA 2004
t* Time to reach steady state (hours) 2.4 Xt event US EPA 2004
B Dimensionless ratio of permeability Chemical US EPA 2004
coefficient through the stratuoorneum specific
relative to its permeability coefficient across
the viable epidermis (unitless)

Per US EPA 2004, the absorbed dose per event for inorganics is calculated using Bguation

Equation 9. Dermal Absorbed Dose peevent for Inorganic Constituents
00 O o0 o0

Parameter | Definition (units) Value Reference

DAevent Absorbed dose per event (mgfeavent) Chemical US EPA 2004
specific

Kp Dermal permeability coefficient in water Chemical US EPA 2004
specific

Cw Chemical concentration in water (mgfm Sitespecific | EPC

tevent Event duration (hours/event) 1 US EPA 2004

6.2 Quantifying Risk

The process used by the RSL calculator to calculate carcinogenic risk andduertaadt uses a
simple method that relies on the linear nature of the relationship between concentration and risk.
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Cancer risksireadded together to calculate cumulative risk using Equafdretbw, while

noncancer Hiss calculatedusingEquationll. If a COPC has both carcinogenic and
noncarcinogenic endpoints, both of these endpoints will be evaluated against appropriate
screening levels in the screening level calculations shown in Equafl@ml1ll. The RSL

summary tables only present the scregnevel that is most conservative; however, the

supporting tables provide screening levels for both endpoints when a chemical may exhibit both
cancer and neoancer effects.

Equation 10. General Cumulative Risk for Carcinogenic COPCs

.. ... 008 008 008 .
60606 adeMM T vy Yvo VY
_ _ 00 6
0 QQL ®AQd WERI Q——. YV
Y*Yvu

Note: Risk for each exposure route will be added for an overall risk (soil, water, and air). RSLstma:
include all exposure pathway¥apor intrusion risks are added to this calculation to result in total risk

Parameter Definition (units)

Cumulative Sum of individuakt o n s t irisksl (anitléss; éxpressed as incremental

Risk probability of developing cancer over a lifetime)

EPC:1, 2 .. Exposure Point ConcentratioMaximum detected concentration for
constituents 1 throughimg/kg forsoil[61 0 ft bgs]; pg/
and 3fayihdwoor air) or revised EPC (95UCL)

RSL:, 2 .. US EPA residential RSL for constituents 1 througtarcinogenic endpoint)
(mg/ kg for soil; u gforindobrair) t ap wal

TR DWMRC target risk level (1 x 1§ (unitless; incremental prability)

M g ~inicrograms per liter
U g P—micrograms per cubic meter

For COPCs with noncarcinogenic endpoints, the maximum detected concentration is divided by
the RSL for each constituent and multiplied by the tangeard quotient{Q) of one, resulting

in the HQ. The HQs will be added together to calculate the HIE§eation11). Since all HQs

are initially considered to be additive, the RSLs based on a target levelaséagplied.

In the event thahe hazard index results in a value above the target leved,afdncarcinogenic
effects may be evaluated for those chemicals with the same toxic endpoint and/or mechanism of
action While for carcinogens, the effect is respcasilition (meaning thenel result is cancer
regardless of type), for noncarcinogens, toxicity is unique to specific organs and only chemicals
with the same mode of action exhibit respeaddition. For a refined noncarinogenic

assessment, chemicals are separated by similar oi@d&on. This is referred to as a target

organ analysisThesources of information on toxic end point or mechanism of atbitow the

US EPA toxicity hierarchyas outlined in Section 5.Wjth the IRIS database being the first tier.

This informaton may be used to evaluate the additive health effects resulting from simultaneous
exposure to multiple contaminants.
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Equation 11. GeneralHazard Index for Noncarcinogenic COPCs

"'0'0 00 o0 E 00 "Y'O0
oF 00 &
vV

Note: Hls foreach exposure route will be added for an overall HI (soil, water, and air). RS
may not include all exposure pathwaysapor intrusion risks are added to this calculation to
result in totalhazard index

Parameter | Definition (units)

HI Hazardindex; sum of HQs (unitless)

HQ Hazard quotient (unitless)

THQ Target hazard quotient (1.0) (unitless)

EPC Exposure Point ConcentratioMaximum detected concentration for

constituents 1 through(mg/kg for soil; pug/L forgroundwaterand

u g Ffamindoor air) or revised EPC (95UCL)

RSL US EPA residential RSL (noncarcinogenic endpoint) (mg/kg for soi
ug/ L for t 3fqindea airg based engafgen ldvef 1.0

When calculating a revised HI, only those HQs for chemicals with the same mode of action (e.g.,
target organ) are summed. This potentially results in several His. Refer tdlTamen
example.

Table 11. Target Organ AnalysisExample

Target Organ | Non-Cancer| Non-Cancer
System RSL Hazard
(mg/kq) Quotient
Soil Soil
' EPC Chronic Industrial Industrial
Chemical CASRN (mg/kg) Exposure Worker Worker
Benzene 71-432 533.1 95UCL HM, TM 4.E+02 1.0
Ethylbenzene 10041-4 62.0 Max HP; UR; DV 1.7E+04 0.004
Naphthalene 91-20-3 3060 95UCL NV, RS 5.9E+02 0.5
Non-CancerHlI: 1.6
DevelopmentalDV) HI: 0.004
Hematologica(HM) HI: 1.0
Hepatic(HP) HI: 0.004
Immune(IM) HI: 1.0
Nervous(NV) HI: 0.5
RespiratoryRS)HI: 0.5
Urinary (UR) HI: 0.004
RSL =Composite Worke(Target Cancer Risk = 186 and Target Hazard Quotient = 1.0)
CASRN = Chemical Abstract Services Registry Number
EPC = Exposure Point Concentration
mgkg = milligrams perkilogram
(1) USEPA's IRIS and the Risk Assessment Information System were consulted for target organ group
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6.3 Chemicals with No RSLs

The RSL tables do not address all constituents that may potentially be present at a site. The
absence of a RSL does not preclude the evaluation of that constituent in the risk assessment. For
each compound that does not have an RSL, an effort must leetondetermine if there are

available toxicity data to derive a screening level following the preferred toxicity database
hierarchy (See Sectidnl). Methodologies and assumptiamnsistent with thosesed to

develop the RSLshouldbe applied.

In addition, quantitativestructureactivity relationship QSAR) can be used to find relationships
between chemical structure or structural properties and biological activity of target property
based on structural similaritie§.oxicity data for these chemisatan be used as surrogates for
chemicals with n&JS EPA RSLs. Biological effects of compounds can often be predicted from
theirmolecular structure using data about other similar compouFhis.is because there is a
relationship between molecular sttues and their biological activity.

6.4 One Hit Model

The onehit equation is only applied to scenarios where the exposure dose is high, and it assumes
any single “hit” of an amo eqg.[DNA),fcan aitiateasecieasn 0 g e n
of events leading to a tumor. The dméequation is an exponential model that limits the single
chemical risk to less than one, whereas the regular linear cancer model may calculate values
greater than one. The equat{d®)is as follows:

YQi @ Q Equation 12

The reassessment of risk is typically only focused on the receptor of concern (e.g., residential or
industrial) and the critical exposure pathway driving risks at the site. It is noted that egcludi
non-critical exposure pathways may underestimate total risk.

The resulting risk is assessed to determine if the initial risk that concluded adverse health impact
is valid.

Example: Calculated risk to benzene

Assume the carcinogenic risk to an industrial worker for benzene exceede@R1adH the risk

was driven by ingestion of soil. The intake (soil ingestion) would be calculated using US EPA
intake equation, for example from the Human Health Evaluation M&uwpplemental

Guidance.

‘D¢ 0 O RQ Equation 13

Assuming the concentration is soil is 3.9E+05 mg/kg, ingestion rate of 100 mg/kg, body weig
of 80 kg, exposure frequency of 225 days/year and an exposure duration of 25 years, the intake
would be 4.88ED1 mg/kgday. The oral cancer slope factor for benzene is-65mg/kgday.
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YQi '@ Own 0t 6 dAOY0 Equation 14

The risk edgtmated for exposure by the Ghé model is 2.64ED2, which is above the acceptable
risk range. The conclusion is that exposure to benzene in soil to an industrial work is outside the
risk range, and the initial conclusion that excess risk is preseaids v

As with any riskbased tool, the potential exists for misapplication. In most cases the root cause
will be a lack of understanding of the intended use of screening levels. In order to prevent
misuse of the RSLs, the following should be avoided:

1 Applying RSLs to a site without adequately developing a conceptual site model that
identifies relevant exposure pathways and exposure scenarios,

1 Use of RSLs as cleanup levels without verifying numbers with a toxicologist or risk

assessor,

Not considering the effects of additivity when screening multiple chemicals, and

Applying RSLs and risk determinations on sites where the nature and extent of

contamination has not been defined.

1
1

6.5 Discussion of Uncertainties

All risk assessments involve mangsamptions that may or may not accurately reflect site
conditions. A discussion of the uncertainties associated with the risk assesanmsbes
included in eaclsite-specificrisk assessment conductedhatite. Typical uncertainties in human
health rgk assessments that may ev@runderestimate risks and/or hazards that may be
applicableat any site majnclude:

91 Data collection and evaluatiefninsufficient number of samples; loss of contaminant
during sampling; high method detection limits; andtfier laboratory contamination.

1 EXxposure assessmenéxposure assumptions that may not accurately reflect actual
exposures; representativeness of fate and transport models; use of maximum detected
concentrations as the EPC; assumption of uniform contenti@er entire site; and
assumption of 100% bioavailability of COPCs.

1 Toxicity assessmenrtavailability and accuracy of toxicity data; use of surrogate toxicity
data; extrapolation of results of toxicity studies from animals to humans; and assumption
of linearity of doseresponse relationships.

1 Risk Characterizatior assumption of additivity of risk/hazard estimates; use of
surrogate toxicity information; and unavailable toxicity information.

7.0VAPOR INTRUSION

If volatiles are present in subsurface nae@.g., so#gas or groundwater), volatilization through

the vadose zone and into indoor air could oc¢indoor air data are available, the indoor air

RSLs may be used for direct comparison. However, if indoor air concentrations are not
available, heUS EPAvapor intrusion screening leveMIELs) andthe VISL calculatorareused

for estimating the indoor air concentration based on groundwater or soil gay¥@eia.are
considered those chemicals havitObamoaphekenr y’ s
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cubic meter per mole (aim*mole) and a molecular weight less than 200 grams per mole
(g/mole)and determined to be sufficiently volatile and toxic togpiodalation risk via vapor
intrusion from either a soil or groundwater source

Residential receptors and industrial workers could be exposed to VOCs volatilized from
subsurface media (soil and/or groundwater) through pore spaces in the vadose zoildiagd bu
foundations (or slab) into indoor ai€onstruction workers may be exposed via bujdof

VOCs in trenches.

Incomplete pathway; no action required

If no VOCs are detected in site media, then the vapor intrusion pathway is considered
incomplete.

Potentially complete pathway- qualitative discussion

If during investigation sampling the following criteria are met, the pathway is considered
potentiallycompleteand a qualitative discussion of the vapor intrusion pathway will be
required:

1 VOC detections are minimally (e.g., once or twice) detectsttermedia (soil, soil gas,
and/or groundwater),

1 Concentrations are below screening levels,

1 There is no suspected source(s) for VOCs, and/or

1 Concentrations are decreasing with depth (for soil).

In addition, if VOCs were present at a site but the s@sy@nd associated contaminated soll
have been removed and the following criteria have been met, only a qualitative assessment of the
vapor intrusion pathway will be required:

1 Confirmation sampling indicates removal of the source with minimal VOCs detecte
soil/soil gas or groundwater data,

1 Concentrations are below screening levels, and

1 Concentrations decrease with depth.

Complete pathway; quantitative assessment

If during investigation sampling or confirmation sampling VOCs are detected congigtesite

media, concentrations are detected at depth or show increasing concentrations with depth in soil,
and/or there is potentially a source(s) for the VOCs based on site history, a quantitative
assessment of the vapor intrusion pathway is requirtmhiiolg a tiered approach.

US EPA guidance no longer supports the use of bulk soil data for evaluation of the vapor

intrusion pathwayyS EPA, 2002). If VOCs are present and this pathway is complete, active
soil gas and/or groundwater data must be used as appropriate. Note that passive soil gas data
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may be used to assess the presence or absence of VOCs, but active soil gas data @rferequire
assessing the risk pathway.

Step 1 Compare the maximum detected concentration for soil gas or groundwater against the
EPA’ s calcul&dr (EPA2023 using the default attenuatidactors (0.03 soil gas and 0.001
groundwater).Attenuationis thereduction in concentrations that occurs through migration in the
subsurface combined with the dilution that occurs when vapor enters a building and mix with
indoor air. The attenuation factor is expressed as the ratio of concentrations of chemicals in
indoor air to the concentrations in subsurface vagdtenuation factors are site specific and can
vary depending on several variables (e.qg., soil type, depth of contamination, building
characteristics and indoor air exchange ratébe US EPA default aenuation factors are based
on conservative assumptions and empirical dHtactive soil gas data are collected from soils
located outside of a structure or below a slab, the VISL target sub slab and exterior soil gas
concentrations for a target cancisk of 106 and a targegtQ of 1.0 should be applied. The
VISL target groundwater concentrations for a target cancer risk-661dhd a targddQ of 1.0
should be applied for groundwater data.

It is recommended thabnditions at the site are cortsist with theassumptions underlying the
generic VISL conceptual model. Specific factors may result in unattenuated or enhanced
transport of vapors towards a receptor, and consequently are likely to render the VISL screening
target subsurface concentratsoinappropriatelf the following conditions apply, then the use of
VISL is not appropriate and evaluation should follow the processes in Step 2:

1 Very shallow groundwater sources (for example, depths to water lesbvihéed below
foundation level)

1 Shallow soil contamination vapor sources (for example, sampled at levels within a few
feet of the base of the foundation); or

1 Buildings with significant openings to the subsurface (for example, sumps, unlined
crawlspaces, earthen floors) or significant preferential pathways, eaheaally
occurringor anthropogenic (not including typical utility perforations present in most
buildings).

Step 2Use other suitabl@cceptableand well calibrated mathematigabdelsto estimate
indoor air concentration angpor intrusionModel resultsi(e., predicted indoor air or sutlab
soil gas concentration) must be in gamteement with measured data.

TheUS EPAand State risk assessors and toxicologists participate in a quarterly Risk Assessor
meeting. The topics of the April 2022 meeting were the numerical/calculational problems with
Version 6.0 of th&JS EPA Johnson ahEttinger (J&E) Model Spreadsheet Tool (September
2017) and the applicability of the J&E modeling in risk assessments.

US EPA indicated that the 2017 J&E Model Spreadsheet Tool has been noted to have some
limitations as well as producing some calculagorors. The current ofline version has a
programming error in the calculation of lifetime cancer risk for mutagenicity and this is
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especially concerning for contaminants such as trichloroethylene (T€EJmmaryUS EPA
does not recommend the usdlwé current model for soil vapor intrusion assessment particularly
for the purpose of demonstrating that a response action is not needed.

US EPA further stated that when suitably constructed, documented, and verified mathematical
models can provide arteeptable line of evidence supporting risk management decisions
pertaining tovapor intrusion This may suggest that to use the J&E Model which is a predictive
model, one must collect sub slab data or othersgigzific data to perform a model calibratim

fit the data. The ouputdataor predicted data must be in good agreement with measured data for
the use of the J&E Model to be acceptablevégyor intrusion ssessment.

NonethelessJS EPA contends that until such time & EPA addresses the g@amming
issues identified in the 2017 J&E Model, its use is considered unaccepta@@dointrusion
assessment at any site lieu of the use of the J&E Model, DWMRC recommends the use of
the US EPA VISL calculator imapor intrusiorassessment abwy site. DWMRC may consider
the use the J&E Model for usevapor intrusiomassessment but only with the approval of the
Director, (DWMRC Position Paper on the J&E Modstps://documents.deq.utah.gov/waste
managemenandradiationcontrol/correctiveadion/DSHW-2022022911.pdy.

7.1 Vapor Intrusion Screening Levels

Residential receptors and commercial/industrial workers could be exposed to volatile compounds
vaporized from subsurface media (soil gas and/or groundwater) through pore spaces in the
vadose zpe and building foundations (or slabs) into indoor air. Per US EPA guidance (US EPA,
2015 and errata 20} 8this pathway must be evaluated if: 1) there are vigraning compounds
present in subsurface media that are sufficiently volatile and toxic,)ahdr2 are existing or

planned buildings where exposure could occur. If volatile and toxic constituents are detected in
site media and are not listed, VISLs should be calculated following the methodologies in the US
EPA Vapor Intrusion Screening Level dance Document.

The US EPA 2015 and errata 20)18apor intrusion guidance does not support the use of bulk

soil data for evaluation of the vapor intrusion pathway; active soil gas and/or groundwater data
must be used as appropriate. As such, VISLseitber available nor recommended for soil. It

is noted; however, that bulk soil data can be used in a qualitative sense to determine delineation
of a vapor source or in determining if soil has been impacted and additional evaluation (e.g., soil
gas) is eeded. Conversely, it must not be assumed thatetact results of volatile compounds

in soil equates to an absence of a vapor source.

However, if site concentrations exceed the VISLs, it is recommended that the assumptions
underlying the US EPA VISkalculations be reviewed and a determination made as to whether
they are applicable at each site. Sipecific factors may result in unattenuated or enhanced
transport of vapors towards a receptor, and consequently are likely to render the VISLs target
subsurface concentrations overly or underly conservative.
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Application of the VISLs is appropriate as a fitigr screening assessment for all sites except
those where the following conditions apply. If any of the below are applicable to a site, a site
specific evaluation must be conducted:

1 Very shallow groundwater sources [e.g., depth to water is less thaediveefow
foundation level];

1 Shallow soil contamination resulting in vapor sources (e.g., VOCs are found at
significant levels within 10t of the base of the foundation);

1 Buildings with significant openings to the subsurface (e.g., sumps, unlined
crawlspaces, earthen floors) or significant preferential pathways, either naturally
occurring or anthropogenic (not including typical utility foeations present in most
buildings);

1 Vapor sources originating in landfills where methane is generated in sufficient
guantities to induce advective transport into the vadose zone;

1 Vapor sources originating in commercial or industrial settings where sapoing
chemicals can be released within an enclosed space and the vapor density of a
chemical may result in significant advective transport of the vapors downward through
cracks and openings in floors and into the vadose zone; and/or

1 Leaking vapors fromaps transmission lines.

US EPA VISLs should be used as a tool to estimate potential cumulative risks and/or hazards
from exposure to volatile and toxic chemicals at a site where the underlying assumptions are
deemed appropriate and if further evaluatioreguired

Below is a screenshot from the VISL calculaasran example of a soil gas and a groundwater
vapor intrusion screening level for a residential scenario for TCE, based on a carcinogenic risk
level of 1E06 and a HI of 1.0. Once obtained, the VISLs are applied in a similar fashion to
RSLs and incorpotad into Equations 10 and 11, as appropriate.

1 Target
\ Sub-Slab and Target
‘ Near-source Soil Gas Groundwater
| 1 Concentration Concentration
‘ ‘ (TCR=1E-06 or THQ=1) (TCR=1E-06 or THQ=1)
Toxicity CggsTarget CqwiTarget
Chemical  Basis (ug/m3) (Hg/L)
%Trichloroethylene ‘CA 1.59E+01 1.19E+00

Figure 5. Example Output VISL Calculator

7.2 Construction Worker Trench Model

The following isexceptedfrom the Virginia Unified Risk Assessment Mad€lURAM
User Guide for Risk Assessors, August 2022
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There are no wellestablishednodelsavailablefor estimatingmigrationof volatiles from

groundwater int@ construction/utilitytrench. Virginia Department of Environmental Quality
(VDEQ) recommendshefollowing trenchmodel,developedy VDEQ, forevaluating

construction groundwater and soil gass constructionworkersare presumetb be adultsage
adjusted and mutagenic equations, as well as TCE and vinyl chloride specific equations, do not
apply to the construction worker computations.

The moctls are based on a tvatep process. First, a simple fate and transport equation of a
vadose zone model to estimate volatilization of gases (emission flux of VOCs) from
contaminated groundwater into the @iithe trench.Thenaboxmodelis usedto estmate
dispersiorof thecontaminants from the air inside the trench into the algpeend atmosphere
to estimate the EPC for air in a construction tref@éthench. For chemicals that are not
included in the RSL table, calculate EPCs for air aomstruction trench, following the soil gas
equations. References should be provided for all cherspeatific parameters.

In October 2017, VDEQ revised the parameterization of the soil gas equations undkdying
ConstructiorWorkerTrenchModel. During areviewof the equationsandapproachestilizedin

the VDEQ' s construction worker trench model,
modificationto thesoil gastrenchmodel that evaluates risk®m soilvapor to construction

workersina r enc h. Currently, VDEQ s application o
that the distance from thmttomof thetrenchto avaporsourceis 31 centimetersqm). This

value isadjustedo 1 cm forthe soil gas trench model; this chargplies ONLY to the soil gas

portion of the trench model. This modification is made because soil gas analytical results are

direct measurements of vapors within the soil coltinacould bedirectly adjacento the trench

and diffusing directlythrough hetrenchwalls.

It is a reasonable assumptittratthe contaminated souraeaterialsor soil gaswould intersect
with thetrenchwalls. Thechangas alsoconsistenwith USE P A recentacknowledgmenthat
contaminated groundwater is not the ostyrce of vapor and that soils saturated with volatiles
can also be a significant driver of vapor contamination. As a result, there is a subsdtangal

in the constructionworkersoil gasscreeningevels. Modifying themodelin thisway provides a
more accurate representation of both exposures and risks to construction workers in these
scenariogndis consistentvith otherregulatorya g e n appreasheandtheirapplicationof
VDEQ's Construction Worker Trench Model

VDEQ’' s Conn\orkar TrenthiModel (groundwater) has been adopted by other state
agenciebecausd capturescenariosnvolving the exposureof a constructiorworkerto vapors
from contaminated groundwater. With the 2017 revision of the soil gas portidbotis¢ruction
Worker TrenchModelalso capturescenarios involvingxposureo gasedlirectly measurean
thetrenchand incorporategaporconcentrationslirectly measuredh the subsurface.
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Table 12. Trench ExposureParameters (VDEQ, 2022)

Symbol  |Description Value Units
TR-ACH TrenchAir ChangegerHour 2 (h)-1
TR-ACvad | TrenchAdvectionCoefficientGroundwater greater 0.25 (cm3/cm3)
than 15ft
TR-CF1 TrenchConversiorFactorl 0.001 (L/cm3)
TR-CF2 TrenchConversiorFactor2 10000 (cm2/m2)
TR-CF3 TrenchConversiorFactor3 3600 (s/hr)
TR-CF4 | TrenchConversiorFactor4 1000000 (cm3/m3)
TR-D-dir | TrenchDepth- groundwatetessThan15ft 244 (m)
TR-D-ind | TrenchDepth- groundwategreateithan 15ft 4.57 (m)
TR-Dsg Trench- Depthto soil gasvaporsource 1 (cm)
TR-EFcw | TrenchConstructionNVorkerExposure Frequency 125 (dayslyr)
TR-ETcw | TrenchConstructionVorkerExposurelime 4 (hrs/day)
TR-EVcw | TrenchConstructionNorkerEvents 1 (events/day
TR-F TrenchFractionof floor throughwhich contaminant 1 (unitless)
can enter
TR-HV Trench Thickness of Vadose Zongroundwater 30 (cm)
greatetthan15ft
TR-IRcw | TrenchConstructionNVorkerGroundwater Ingestio 0.02 (L/day)
Rate
TR-KGH20 | TrenchGasphasemasdransfercoefficient of 0.833 (cm/s)
water vapor at 25deg C
TR-KLO2 |Trench Liquidphase mass transfer coefficienfit 0.002 (cm/s)
oxygenat25degC
TR-L TrenchLength 244 (m)
TR-Lgw TrenchDepthto groundwater 488 (cm)
TR-MWH20 | TrenchMolecularWeightof Water 18 (unitless)
TR-MWO2 | TrenchMolecularWeightof Oxygen 32 (unitless)
TR-Porvad | Trench Porosity in Vadose Zorgroundwater 0.44 (cm3/cm3)
greaterthan15ft
TR-R TrenchldealGasConstant 0.000082 (atm-
m3/motK)
TR-TempF | TrenchTemperaturé&ahrenheit 77 (F)
TR-TempK | TrenchTemperature 298 (K)
TR-W TrenchWidth 0.91 (m)
TR-W/D TrenchWidth to DepthRatio 0.38 (unitless)

7.3 Groundwater

Two exposure scenarios are evaluated based on tkepsitéic depth of the groundwater:

indirect contact based on contaminant transport through the vadose zone groundwater depth
greater than 15 feet and direct contact based on groundwater poolingrentttegroundwater

depth less than or equal to 15 feet. Two unique volatilization factors (VF) are computed for each
chemical. Foindirect contact, where the groundwater is greater than 15 feet, tRguéton

16is used. For direct contact, where the groundwater is less than 15 fésgustion18is

applied. VDEQ assumeiat a constructioprojectcouldresultin anexcavatioras deegas 15
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feet. At somesitesthere is aigh probability that constructiorrgjects with deeper excavations
may occur. Contact the DWMRC project manager and risk assessor to discuss the appropriate
assumptions for sitepecific parameters.

Equationsl6 or 18 are used to calculate chemisgecificVF. Residential groundwater
equdionsfor noncanceadultandcancerandconstructiorworkerexposure values, are used to
compute screening levels or hazard/risk values. The approgriatedwater VF replaces the
AndelmanVolatilization Factor (K=0.5) in the residential groundwater equatiémdorne
concentratiorof a contaminantn atrenchcanbe estimatedisingEquationl5

0 0 w0 Equationl5
Where:
Cirench = Concentration of contaminant in trengig/m3
Cyw = Concentration of contaminant in groundwapeg/L
VF = Volatilization factor (See Equations X and X), chemigadcific, L/ ni

Groundwater Greatthan 15 Feet Deep

@O Equation16

Where:

Hi =Henry'sLaw constanfor contaminan{RSL table), atram3/mol

Dar = Diffusion coefficientin air (RSL table), cm?/s

ACvad =Volumetricair contentin vadosezonesoil, cm3/cm3

A = Area of trenchm?

F = Fraction of floor through which contaminant can entsitless

R =Ildeal gas constardgtmm3/mole°K

T = Averagesystemabsolutegemperaturedegree Kelvin K)

Ld = DistancebetweertrenchbottomandgroundwateEquationX, cm

ACH =Air changes pehnour,h-1

Vv =Volumeof trench,m3

Porad = Totalsoil porosityin vadosezone cms3/cm3

10% = Conversion factot,/cm3

10* = Conversion factogmz2/mz

3600 = Conversion factos/hr

Thevaluefor R is 8.2x 10° atmm3/mole°K. A defaultvalueof 298°K may be usedfor the
averagesystemabsolutegemperature.

Studiesof urbancanyonssuggesthatif theratio oftrenchwidth -- relativeto wind direction-

- to trench depth is less than or equal to 1.0, a circulation cell or cells will be set up within the
trench that limits the degree of gas exchange with the atmospHeEQ has assumed an

ACH in this case of 2/hrbased upon measured ventilation ratelsusidings.
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Ld=Lgw - Dtrench Equationl7
Where:
Lgw = depth togroundwatercm
Dtrench = depthof trench,cm

Groundwatet.essThanor Equalto 15 FeetDeep

If the depth to groundwater at a site is less than 15V&HQ assumes that a worker would
encounter groundwater when digging an excavation or a trench. The worker would then have
direct exposure to the groundwater. The worker would also be exposaataminants in the

air inside the trench that woutdsultfrom volatilizationfrom the groundwatepoolingatthe

bottomof thetrench.VDEQ assumes that the trench would only intercept the groundwater for a
few inches since a groundwater pool of more than a few inches would likely require dewatering.
Therefore, trench depth should betse¢qual the actual depth to groundwater at tlee sit
Equationl8is used to calculate Vier groundwater less than 15 feet deep

@O Equation18
Where:
Ki = Overall mass transfer coefficient of contaminant (Equat@ncm/s
A = Area of trenchm?
F = Fraction of floor through which contaminant can enteitless
ACH = Air changes pehnour,h-1
V = Volumeof trench,m?
10° = Conversion factot,/cm3
10 = Conversion factogmz2/m2
3600= Conversion factos/hr
0 —_ — Equation19
Where:
ki = Liquid-phase mass transfer coefficient of i (Equagfy) cm/s
R = Ideal gas constaraimms3/mole°K
T = Averagesystemabsoluteemperature, °K
Hi = Henry'sLaw constanfor contaminan{RSL table), atram3/mol
KiG = Gasphase mas transfer coefficient of i (Equadh cm/s

Thevalue forR is 8.2x 10-5 atmm3/mole°K. A defaultvalueof 298°K may be useébr the
averagesystemabsolutedemperature.

Q — —  Qj Equation20

Where:
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ki = Liquid-phase mass transfer coefficient,om/s

MWo2 = Molecular weight of O2g/mol

MW; = Molecular weight o component i, g/mol

T = Absolute temperature of system, °K

kLo = Liquid-phase mass transfer coefficient of oxygen at 25°C, cm/s

Thevalueof k. o, is 0.002cm/s.

Q —_— — Qp Equation21
Where:
kic = Gasphasamasdransfercoefficientof component, cm/s
MWh2o = Molecular weight of water, g/mol
MWi; = Molecular weight o component i, g/mol
T = Absolute temperature of system, °K
kGH2o = Gasphase mass transfepefficient of water vapor at 25°C, cm/s

Thevalueof kg, H201s 0.833cm/s. (SuperfundExposureAssessmemtlanual EPA, Office of
RemediaResponseApril, 1988.)

7.4 Soil Gas

This model can be used to estimate the contaminant concentrationviapsmiGv)

partitioning fromthe groundwaterconcentration.The contaminants thentransportedy

diffusionto thetrenchbaseor face (where applicable) and diluted by mixing within the

trench. In order to accommodate the assumption that the construction worker could intersect
with the sample collection depth, distateween the trench bottom and vapor sourci ik
modifiedto 1cm.

A unique,chemicalspecific,dimensionlessolatilizationfactorfor soil vapor(VFsy) is
developedased on the groundwater ytFEquation16. Trench dimensions remain
consistent with groundwatetjuations.Apply theconstructiorexposureparameterso the
residentiakir equationgor noncancer adulind cancer. The resulting hazard/risk is
multiplied by the chemicabpecific VFsy as an attenuation factor to obtain a final
hazard/risk value. Screening values are likewise comnytedingtheresidentiakequations
andthendivided by VFsv. Thefinal screeningralueis thelower of the calculated
noncancer/cancer screening values. @aslolatilizationfactoris basedn groundwater
depthgreaterthanl5feet,Equationsl5and16. Combining these two equations yields:

8

0 Equation 22
Where:
Hi = Henry'sLaw constanfor contaminan{RSL table), atram3/mol
Dar = Diffusion coefficientin air (RSL table), cm?/s
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ACvag= Volumetricair contentin vadosezonesoil, cm3/cm3

A = Area of trenchm?

F = Fraction of floor through which contaminant can enteitless
R = ldeal gas constardaimms3/mole°K

T = Averagesystemabsolutegemperature, °K

L« = DistancebetweertrenchbottomandgroundwateEquationl7, cm
ACH = Air changes pehnour,h-1

\% = Volumeof trench,m3

Porad = Totalsoil porosityin vadosezone cm3/cm3

10 = Conversion factot,/cm3

10 = Conversion factogm?z/m?2

3600 = Conversion factos/hr

Soil gasconcentrationareestimatedrom groundwateconcentrationsisingthefollowing
equations:

0 — Equation23
06 0 — Equation24
Where:
Csg=Concentration in soil gas, pg/ ms3

HLC =Dimensionles$i e n rLaw Constant, (unitless)
CombiningEquation23 and24 andsolvingfor the groundwaterconcentratioryields:
0 0 — Equation25

Substitutingequation25in trenchconcentratiorequationyields:

8
0 0 — Equation26

Equation26 simplifiesto thefollowing:

0 0 Equation27

Sincethe concentrationn thetrenchis equalto the soil gasconcentratiortimesVFsv:

8

® Equation28
Where:
Dar = Diffusion coefficientin air (RSL table), cm?/s
ACvagd = Volumetricair contentin vadosezonesoil, cm3/cms3
A = Area of trenchm?
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F = Fraction of floor through which contaminant can enteitless

Ld = DistancebetweertrenchbottomandgroundwateEquationl?7, cm
ACH = Air changes pehnour,h-1

\% = Volumeof trench,m3

Pokad = Totalsoil porosityin vadosezone,cm3/cm3

10° = Conversion factogms3/cms3

10* = Conversion factogm?z/m?2

3600 = Conversion factos/hr

8.0SOIL-TO-GROUNDWATER

When closing or managing a contaminated, fite mass of contaminants in the source area
should noincrease.This means that levels of contamination in soil should not act as a
continuing source for groundwater contamination. It is understooddhatally occurring
variations in groundwater ctaminant concentrations, natural groundwater flow, and dispersion
of plumes will occur, but there should not be argoing source for new contaminati¢ag.,
contaminatiorcontinuing toleach through soibr buried/leaking waste)

Future impacts to groulwater can be addressed by evaluating the potential for detected
concentrations in soil at each site to contaminate groundwater via the-gmundwater
migration pathway. This may be achieved by following a stepwise approach.

8.1 Step 1-Generic SSLs

To assess the potential of contamination migrating through soil to groundwater, the Protection of
Groundwater soil screening levels (SSLs) from the US EPA RSL tables should be used. The
RSL tables may list two protection of groundwater SSLs:baséed ad/orMCL-based.If the

RSL table lists a value for both a ribesed and an MGbased SSL, thieast conservative

(greater of the two valugmay be used for comparison to site data

The SSLs listed in the RSL tables are based on a dilution attemtettor (DAF) of 1. The

DAF is a function of the hydraulic conductivity of the aquifer, infiltration rate, mixing zone, and
length of the source area parallel to groundwater flow. A DAF of one assumes that no dilution
or attenuation occurs within thegaturated zone to the water table. Adsorption and degradation
are not considered, and the assumption is that the contaminant in soil comes into immediate
contact with groundwaterThe higher the DAF value, the greater the degree of dilution and
attenuatbn of contaminants along the flow path. The DWMRC has established that a DAF of 20
(US EPA, 2002ais protective of groundwater for most sites in Utah.

Because of assumptions used in SSL model approach, use of the DAF model may be
inappropriate for certa conditions, including sites where:

1 Adsorption or degradation processes are expected to significantly attenuate contaminant
concentrations in the soil or aquifer media;

1 Saturated thickness is significantly less than 12 meters thick;
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1 Fractured rock or &rst aquifer types exist (violates the unconfined, unconsolidated,
homogeneous, isotropic assumptions);

1 Facilitated transport is significant (colloidal transport, transport via dissolved organic
matter, or transport via solvents other than waserd/or

1 NAPLSs are present.

For sites that have these types of conditions, consideration should be given to application of a
more detailed sitgpecific analysis than either the generic orsgecific models described
herein.

The use of the SShased on ®AF of 20 is advisedor Step 1. Therefor&@SL SSLswhich are
based on a DAF of 1.Will require modification to reflect values based on a DAF ofi2D,
multiply the RSL SSL by 20)

1. Compare the maximum detected concentration for COPCs in soil 4StisPARSL
SSLs based on the DAF of 20. This is simply a ptwsoint comparison, as shown in
the example below. The maximum detected site soil concentration regardless of depth
should be used.

Table 13. SSL Example

Constituent Max SSL DAF Site
(mg/kg) | 20 (mg/kg) | Max>
SSL?
Barium 5.14E+02| 3.20E+03 No
Mercury 2.35E+00] 2.00E+00 Yes
Benzo(a)pyrene 2.21E+00| 4.80E+00 No
Naphthalene 3.47E01 | 1.08E02 Yes

2. If the maximum detected concentration exceeds the SSL DAF 20, the potential exists for
futureimpacts to groundwater. If the potential for future groundwater contamination
exists, additional lines of evidence and @valuation using a refined EPC (95UCL) may
be provided. If sufficient data are not available to calculate a 95UCL, the maximum
corstituent of potential concern concentration value shall be used for evaluation, or an

alternate value for a revised EPC may be proposed.

Table 14. Refined SSL Evaluation Example

Constituent 95UCL? SSL DAF | 95UCL*>
(mg/kg) 20 (mg/kg) SSL?
Mercury 1.25E+00 | 2.00E+00 No
Naphthalene 1.88E01 1.08E02 Yes

(US EPA, 2022)

1Less than foudetections were availabie the dataset for
naphthalengthe median concentration was used as the refined EP
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If the results of the comparison to the SSLs using the refined EPC are acceptable, no additional

analysis is warranted. If the analysis shows potential for contamination of grouneyiez,

should be followed.

8.2 Step 2-Site-specific DAF

If maximum deected concentratiorand/or revised EPJr soil at a site exceed the generic-soil
to-groundwater SSLEStep 1) then sitespecific soitto-groundwater SSLsay be estimated,

and the Step 2 approach followeds stated in UEPA (1996a), the calculatiaf soil-to-
groundwater SSLs is most sensitive to the DAless sufficient datare availabléo calculate
a sitespecific DAF, there is little benefit derived from using the-sgiecific SSLs instead of the

generic SSLs.

The developmentofthesiepeci fi ¢ dil uti on

attenuat.i

Supplemental Guidance for Developing Soil Screening Lele E FSApplementaboll
Screening Guidance: Technical Background DocurfidBtEPA19963 andSupplemental
Guidance foiDeveloping Soil Screening Levels for Superfund Si#8sEPA 20023)or the most

current US EPA guidancezstimaton of contaminant release in soil leachastbased on the

Freundlich adsorption isotherm. The Freundlich equation was modified to relaterbed
concentration to the total concentration measured in a soil sample (which includes contaminants
associated with solid soil, seNater and soibir components) (Feenstra 1991). Equa#®n
given below, is used to calculate SSLs corresponditayget soil leachate concentrations,C

Parameter
SSL

Cw
Kd
Qw

Ja
n

Is
b
H

Equation 29

e ad, +dHid
SSL=C, x&K +&——— 'g
e ¢ v A

Definition (units)
Soil Screening Level for migration to
groundwater pathway (mg/kg)
Target soil leachate concentration (mg/L)
Soil /water partition coefficient (L/kg)
Waterfilled soil porosity (lwater/L soil)
Air-filled soil porosity (LairfLsoil), N- Qw
Total soil porosity (kordLsoi), 1- (ro/rs)
Soil particle density (kg/L)
Dry soil bulk density (kg/L)
Di mensionl ess Henry’

Soil Screening Levefor Leachingto Groundwater Pathway

Default
ChemicaiSpecific

ChemicalSpecific
ChemicaiSpecific
0.26
0.17
0.43
2.65
1.5
ChemicalSpecific

Target soil leachate concentrations,@re equivalent teither thetap watelSSLsor an MCL

multiplied by a DAF. as follows:
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Cw = Tap Water SSL x DAF Equation 30
or
Cw =MCL x DAF

Contaminants transported as a leachate through soil to groundwater are affected by physical,
chemicaj and biological processes that can significantly reduce their concentration. These
processes include adsorption, biological degradation, chemical transforraatiadilution from
mixing leachate with groundwater. The total reduction in concentratiarebetthe source of

the contaminant (vadose zone soil) and the point of groundwater withdrawal is defined as the
ratio of contaminant concentration in soil leachate to the concentration in groundwater at the
point of withdrawal. This ratio is termed a ditn/attenuation factor (DARJS EPA1996a and
1996b). The higher the DAF value the greater the degree of dilution and attenuation of
contaminants along the migration flgpath. A DAF ofoneimplies no reduction in contaminant
concentration occurs.

Devdopment ofthe RSLSSLs considers only the dilution of contaminant concentration through
mixing with groundwater in the aquifer directly beneath the source. This is consistent with the
conservative assumptions used in the SSL methodology including riteisburce, soil
contamination extending from surface to groundwater and the point of exposure occurring at the
downgradient edge of the source. The ratio of contaminant concentration in soil leachate to the
concentration in groundwater at the point afhnrawal that considers only dilution processes is
calculatedusingthe simple water balance equation (EquatBip, described below.

Equation 31
Dilution/Attenuation Factor (DAF)
DAF=1+40 1Dl
ANEN
Where:
s & @ L3 ﬂﬁ
D=(0.011212)" +D, @ exp
¢ eK3 E D
Parameter Definition (units) Default
DAF Dilution/attenuation factor (unitless) Site-Specific
K Aquifer hydraulic conductivity (m/yr) Site-Specific
[ Hydraulic gradient (m/m) Site-Specific
D Mixing zone depth (m) Site-Specific
I Infiltration rate (m/yr) Site-Specific
L Source length parallel to groundwater flow (m) Site-Specific
Da Aquifer thickness (m) Site-Specific

Most of these parameters are available from routine environmental site investigations. The
mixing zonedepth incorporates one additional parameter, the aquifer thickngss (D
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If the 95%UCL concentration exceeds the calculated groundwater protection soil screening
level, the potential exists for future impacts to groundwater. The groundwater protection soil
screening level value shall be the greater of either the maximum contaminant kieetisk

based groundwater protection soil screening level value for evaluation. If the potential for future
groundwater contamination exists, the responsible party may choose to submit a work plan for
approval by the director describing actions thdk e taken to protect groundwater from future
impacts due to soil contamination. In addition, the work plan shall include a proposal for
collection of sufficient monitoring data to evaluate both current and future groundwater
conditions. Alternativelyan alternative method as outlined in Step 3 may be applied.

8.3 Step 3- Alternative Methods

An alternate method for evaluating potential future impacts to groundwater due to soil
contamination may be proposed to the DWMRC for approval. If it is deterrthinethe
potential for future groundwater contamination exists, a work plan should be submitted for
approval by the DWMRC describing actions that will be taken to protect groundwater from
future impacts due to soil contamination. In addition, the wornk giheuld include a proposal
for collection of sufficient monitoring data to evaluate both current and future groundwater
conditions.

Alternative methods may includéesspecific fate and transport modeling (using commercially
available programesapable of reproducing known groundwater contamination). In addition,
weight of evidence may be provided. Discussions should include frequency of detection,
magnitude of detected concentrations, soil profiles and extent of contamination, and history of
the contamination at the site. Other-sipecific issues may include the potential for dense,
sinking vapors acting as a source for contamination.

9.0ECOLOGICAL RISK ASSESSMENT

Ecological risk assessmea{ERAS) are required atites where it has been dahined that
exposure pathways apetentiallycomplete for ecological receptoré. complet exposure
pathway consists df) a source2) a mebanism of contaminant relea$);a receiving or contact
medium;4) a potential receptor population; abBan eposure routeln order for a potential
receptor population to exist, sites must contain open areas that would allow plant growth and
suitable habitat for wildlife. Pathways may be incomplete for ecological recepsitssat
industrial areas or afdled in with concrete or pavement; in these cases, an ecological waiver
may be grante@refer to Section 6.1)

In accordance with UEPA ERA guidance (UEPA 1997c), the objectives of the ERAs tre

1) document whether actual or potential ecologicdsiexist at a site2) identify which
contaminants present at a site pose an ecological risid)agterate data to be used in
evaluating cleanup optiong warranted The ERAs should be conducted in accordance with US
EPA guidance and general processensisting of four main components: 1) problem
formulation; 2) exposure assessment; 3) toxicity assessment; and 4) risk characterization.
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The ERAsmay follow atiered approach, with each tier including problem formulation, exposure
assessment, toxicigssessment, and risk characterization. The Tier 1 assessment is a screening
level assessment that utilizes conservative assumptions. If the results of the Tier 1 assessment
indicate potential for adverse rigken a Tier 2 assessment will be conductElde Tier 2

assessment provides a more refined screening analysis utilizing sosyesife information.

If the results of the Tier 2 assessment indicate potential for adverse risk, then a Tier 3 site
specific risk assessment or additional site actinag be warranted.

The Texas Commission on Environmental Quality has a website that provides ssefral u
links to USEPA guidance, screening levels, wildlife exposures, and identification of species,
that may help in completed an ecological assessment.
https://www.tceq.texas.gov/remediation/eco/eco_links.html

9.1 EcologicalWaiver

Site investigations must include an evaluation of human health and ecological risk to support
risk-based closure. An ecological risk assessment is warranted when it has been determined that
exposure pathways are potentially complete for ecological resepfocomplete pathway

consistf 1) a source, 2) a mechanisms of contaminant release, 3) a receiving or contact
medium, 4) a potential receptor population, and 5) and exposure route. Of these five criteria, the
most fundamental is the fourth criteriom order for a potential receptor population to exist, a

site must contain open areas that would allow plant growth and suitable habitat for wildlife.
Pathways are incomplete for ecological receptors at sites that are completeiy fillicl

buildings concrete, or pavement. For these areas, a risk assessment cannot be ¢amglated
waiver may be requested in lieu of a quantitative risk assessment.

Environmental conditions at the site may be used to eliminate the need for ecological risk
assessméerand support an ecological waiver include:

1 The affected property is not a viable habitat,

9 The site cannot be used by potential ecological receptors as a habitat, and/or

1 Complete or potentially complete exposure pathways do not exist guevailing
conditions or property setting.

Photographs of the property are useful in showing the state of potential habitat, such as if the site
is completely paved and/or covered in structures with minimal or no vegetation and devoid of
habitat. In addion, the property may be in an area that is highly industrialized, consisting of
paved/cemented lots and industtiale buildings.A discussion of grrounding lotsand the

potential or lack of potential for nearby habitat is also helpful as well asw@sdien of any
observations of wildlifaising the property for permanent habitat or food. While it is possible

that some species could be casually present (such as birds resting in neartnydressing the
property), itmaynot plausible that any reptr would forage, nest or den on the property itself

due to a complete lack of vegetation.

Using the above, it can be demonstratedttiete is no complete exposyrathway, anén
ecological risk assessment is not deemed requikeldrmal requestdr awaiver for conducting
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a gquantitative ecological risk assessnsmuld be submitted along with all potential lines of
evidence to justify minimal impact on ecological receptdrsvaiver may be submitted as a
standalone document or contained withsita characterization report.

9.2 Tierl

The objective of the Tier 1 screeniteyel ERA (SLERA) is to determine whether: 1) there are
any potential adverse effects for ecological receptors; and 2) there may be potential adverse
health effects to ecologiteeceptors, and further evaluation of ecological risk is warranted.
The SLERA should contain a detailed discussion of each of these items.

1 Characterization of the environmental setting, including current and future land uses.
Ecological assessments mugclude the evaluation of presedy conditions and land
uses but also evaluate future land uses.

1 Identification of known or likely chemical stressors (chemicals of potential ecological
concern, COPECSs). The characterization data from the site &eifity finvestigation) is
evaluated to determine what constituents are present in which media.

1 Identification of the fate and transport pathways that are complete. This includes an
understanding of how COPECs may be mobilized fromnoagiumto another.

1 Identification of the assessment endpoints that should be used to assess impact of the
receptors; what is the environmental value to be protected.

1 Identification of the complete exposure pathways and exposure routes. What is the
impacted medium/media (osurface water, sediment, groundwater, and/or plants) and
how might the representative receptors be exposed (direct ingestion, inhalation, and/or
direct contact)?

1 Species likely to be impacted and selection of representative receptors. From the list of
species likely to be present-site, what species are to be selected to represent specific
trophic levels?

9.2.1 COPECs

The identification of COBCs for the ecological risk assessments will follow the same
methodology as presented in Sec#odfor organc and inorganic constituents. For ecological
assessments, the potential for a chemical to be bioaccumulative should be considered when
identifying COFECs.

Burrowing animals and plant roots would be exposed toEXI3RNn deeper soils, whereas all

other animals would only be exposed to surface soils. Concentrations of contaminants-é soil 0
ft bgs will be assessed for burrowing animals and -deefed plants while concentrations in soil

0-1 ft bgs will be assessed for all other receptors.
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9.2.2 EPCs

The Tier 1 exposure assessment consists of estimating exposure doses based on conservative
exposure assumptions and maximum detected concentrations within the defined exposure
intervals. EPCs are discussed in Section 4.2.

9.2.3 Receptors

Sites may inalde a wide range of terrestrial, seaqjuatic, and aquatic wildlife. A generalized
food webfor soilis shown in Figuré. Wildlife receptors for the SLERA should be selected to
represent the trophic levels and habitats present or potentially predensae and include any
Federal threatened and endangered species and State sensitive species.

As there are typically numerous species of wildlife and plants present at a given facility or site
and in the surrounding areas, only a few key receptors ndexidelected for quantitative

evaluation in the SLERA, which are representative of the ecological community and varying
trophic levels in the food web. Possible receptors that may be evaluated in the SLERAS at each
site include the following:

Plant commnity,
Deer mouse,

Horned lark,
Kit fox (evaluated at sites greater than 267 acres),

=A =A =/ 4 =4

Pronghorn (evaluated at sites greater than 342 acres), and
1 Redtailed hawk (evaluated at sites greater than 177 acres).

The above key receptors selected as the represergpecies represent the primary producers as
well as the three levels of consumer (primary, secondary, and tertiary) for the most common
receptors found at hazardous waste sitestain If water bodies are present, and aquatic
receptors are viabl@WMRC should be consulted to discuss appropriate identification of
receptor species, pathways, and SLERA methodologies.

9.2.3.1Plants

The plant community will be evaluated quantitatively in the SLERAs at all sites. Specific
species of plants will not be evaluated separately; rather the plant community will be evaluated
as a whole. The plant community provides a necessary food sorgcydir indirectly through

the food web for wildlife receptors.

9.2.3.2Deer Mouse

The deer mouse (Peromyscus maniculatus) is a common rodent throughout much of North
America and it can thrive in a variety of habitats. The deer mwasselected as a

represatative receptor because it is prevalent near most sites in Utah, and it represents one of the
several species of omnivorous rodents that may be present at sites. Small rodents are also a

66



June 203

major food source for larger omnivorous and carnivorous spechesdder mouse receptor will

be evaluated at all sites, regardless of size. The deer mouse has a relatively small home range
and could therefore be substantially exposed to COPECs at sites if their home range is located
within a solid waste management ui8t¥WMU) or other corrective action sites.

Based on a review of literature (OEHHA, 1999) and from the Natural Diversity Information
Source (CDW, 2011), a dietary composition consisting of 26% invertebrates and 74% plant
matter will be assumed for the derouse.

9.2.3.3Horned Lark

The horned larkEremophila alpestrisis a common widespread terrestrial bird. It spends much

of its time on the ground and its diet consists mainly of insects and seeds. The horned lark
receptor was chosen because it is prevatedtah and represents one of the many small

terrestrial bird species that could be present. Since the horned lark spends most of its time on the
ground, it also provides a conservative measure of effect since it has a higher rate of incidental
ingestionof soil than othesongbirds The horned lark is also a major food source for

omnivorous intermediate species, and top avian carnivores. The horned lark will be evaluated
based on an omnivorous diet of invertebrates and plant matter. The horneddptérraill be
evaluated at all sites, regardless of size. The horned lark has a relatively small home range and
could therefore be substantially exposed to COPECs at sites if their home range is located within
a SWMU or other corrective action units.

it wi | | be assumed that the horned | ark’s diet
matter based on a study conducted by Doetoa), 2000.

9.2.3.4Kit Fox

The kit fox Vulpes macrotigis native to the western United States and Mexico. Its diet t®nsis

of mostly smal/l ma mmal s . Al t hough the kit fo
certain times of the year, the kit fox will be evaluated as a carnivore, with a diet consisting of

100% prey items. It was selected as a key receptor bet@iaesensitive species and is

common in Utah, and the surrounding area at most sites in Utah provides suitable habitat for the

kit fox. The kit fox also is representative of a mammalian carnivore within the food web.

The kit fox will only be evalu&d at sites that are larger than 276 acres. A kit fox has a large

home range size (2767 acres) (Zoellick & Smith, 1992) and it is assumed that risks are negligible
from exposure to COPECSs at sites that are less than 10% of the receptors home range. Unles

the area use factor (AUF) is at least 10%, food items potentially contaminated with COPECs and
incidental soil ingestion at the site would n
exposure to COPECs. The kit fox diet will be based on oaitipn of 100% prey.
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Primary Source SecondarySource Primary Consumers Secondary Consumers Tertiary Consumers
: > Reptiles Carnivorous
Soil Pl (Lizards, >  Mammals
>| Invertebrates Snakes) (Kit Fox)

(Biotransfer)

Rodents .
< | Birds of Prey
Soil Plants Rodents P| (DeerMouse) 7l (RedTailed
(Deer Mouse) Hawk)
Songbirds
N (Horned Lark)
Songbirds

>| (Horned Lark)

Carnivorous
> Mammals

- (Kit Fox)
7
S Large
Herbivores Birds of Prey
(Pronghorn) >| (RedTailed
Hawk)

Figure 6. Generalized Food Web for Soil
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9.2.3.5Red Tailed Hawk

The redtailed hawk Buteo jamaicens)svas selected as a top carnivore avian key receptor. The
redtailed hawk is widespread throughditthand is one of th most common birds of prey. It
hunts primarily rodents, rabbits, birds, and reptiles. Theaibedd hawk was chosen as a key
receptor since it is a common spedl@®ughoutJtah The redtailed hawk will only be

evaluated at sites that are largemti@7 acres. The rddiled hawk has a large home range size
(1770 acres) (US EPA, 1993b), and risks to thetaddd hawk from exposure to COPECs at

sites smaller than 177 acres (10% of the home range) would be negligible. -ThikeceHawk

diet will be based on composition of 100% prey.

9.2.3.6Pronghorn Antelope

The pronghornAntilocapra Americangis a popular big game species that occurs in western
Canada, United States, and northern Mexico. Its diet consists mainly of sagebrush and other
shrubs, grases, and forbs. The pronghorn was selected as a key receptor representative of large
herbivorous species of wildlife. The pronghorn will only be evaluated at sites that are larger than
342 acres. The pronghorn has a large home range size (3422 aeyes)dR, 1984), and risks

to the pronghorn from exposure to COPECSs at sites smaller than 342 acres (10% of the home
range) would be negligibldt is assumed that 100% of the diet is from grazing.

9.2.4 Exposure Pathways

A CSM (refer to Sectio.1) provides a summary of potentially complete exposure pathways,
along with potentially exposed receptor typdscomplete exposure pathway is defined as a
pathway having all the following attributes:

1 A source and mechanism for hazardaaste/constituent release to the environment,

1 An environmental transport medium or mechanism by which a receptor can encounter the
hazardous waste/constituent,

1 A point of receptor contact with the contaminated media or via the food web, and
1 An exposure roe to the receptor.
If any of the above components are missing from the exposure pathway, it is not a complete

pathway for the site. A discussion regarding all possible exposure pathways and the
rationale/justification for eliminating any pathways vii# included in the risk assessment.

Affected media that ecological receptors may be exposed to at sites are soil, biota, and surface
water or groundwater (through springs). Surface water, sediment, and groundwater should be
evaluated based on sipecifc conditions.

Wildlife receptors could be exposed to COPECs that have been assimilated into biota. Ingestion

of contaminated plant and ani mal matter, as a
evaluated quantitatively in the SLERAs. HoweMor the Tier 1 SLERA, it will conservatively
be assumed that 100% of the wildlife receptor
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For soil, two soil intervals should be evaluated:

1 For all norburrowing receptors and for shallawoted plants, the s#@xposure interval
is typical of surface conditions and is considered to be between zero (0) andfooé (1)
bgs.

1 For all burrowing receptors (and receptors that may use borrows) andoméeg plants,
the soil interval to be evaluated is-® fed bgs.

Table 15. Ecological Soil Exposure Intervals

Receptor Exposure Intervals (Soil)
Ecological Receptors (nhdourrowing 0—1foat bgs
and shallow rooted plants
Ecological Receptors (burrowirand 0—6fed bgs
deeprooted plantps

9.2.5 Expaure Assessment

The effects assessment evaluated the potential toxic effects on the receptors being exposed to the
COPECs. The effects assessment includes selection of appropriate toxicity reference values
(TRVs) for the characterization and evaluation of.riSIRVs are receptor and chemical specific
exposure rates at which no adverse effects have been observed, or at which low adverse effects
are observed. TRVs that are based on studies with no adverse effects are called no observed
adverse effects levels MAELs). TRVs that are based on studies with low adverse effects are
termed lowest observed adverse effects levels (LOAELS).

For the initial SLERA, the preference for TRVs is based on chronic orteyngexposure, when
available. The TRVs should bdegted from peereviewed toxicity studies and from primary
literature. Initial risk characterization should be conducted using the lowest appropriate chronic
NOAEL for nonlethal or reproductive effects. If a TRV is not available and/or no surrogate

data could be identified, the exclusion of potential toxicity associated with the COPEC will be
gualitatively addressed in the uncertainty analysis of the risk assessment. Other factors that may
be included in this discussi@nefrequency of detection, ddpbf detections, and special

analysis of the detections.

9.2.6 Dose
For the initial SLERA, conservative assumptions should be applied as follows:

1 The maximundetected concentrations for the exposure interval listed in Ta8wdlbe
utilized in calculatingexposure doses.
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I 100% of the diet is assumed to contain the maximum concentration of each COPEC
detected in the site media.

Minimum reported body weights should be applied.
Maximum dietary intake rates should be used.
It will be assumed that 100% of tdeet consists of direct ingestion of contaminated soil.

It is assumed that the bioavailability is 100% at each site.

= =4 4 -4 -

Foraging ranges are initially set equal to the size of the site being evaluated. This means
that the AUF in the SLERA is set to a valueook.

1 Because body weight is reported as-wetght (kg), and soil concentrations are reported
as dryweight (mg/kg), a wetveight to dryweight conversion factor of 0.22 (assuming
78% moisture content) will also be applied when calculating exposure doses.

The equation and exposure assumptions for calculating the Tier 1 exposure doses for the deer
mouse are presented in Equatgih

Equation 32. Calculation of Tier 1 Exposure Dose for COPECs in Soil; Deer Mous
Odn ¢ i@ ime o700 0 YO0
0w
Parameter Definition (units) Value Reference
Exposure Estimated receptespecific contaminant| calculated | --
Dose intake (mg/kg of body weight/day)
Cs Chemical concentration in soil (mg/kg)| Site-specific | Maximum detected
concentration (€0 ft bgs)
IR Ingestion rate (kg food [ww]/day) 0.007 Maximum reported total
dietary intake (US EPA,
19939)
ww:dw Wetweight to dry weight conversion 0.22 78-percent moisture
factor for ingested matter (kg [dw]/kg
[ww])
AUF Area use factor (the ratio of the site 1 Maximum possible value
exposure area to the receptor foraging
range) (unitless)
BW Body weight (kg) 0.014 Minimum reported adult
body weight (CDW, 2011)

The equation and exposure assumptions for calculating the Tier 1 exposure dose for the horned
lark are presented in Equati@B.
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Equation 33. Calculation of Tier 1 Exposure Dose for COPECs in Soil; Horned
Lark
s g e an O OY0 0RO 8 YO
Own € @I
0w
Parameter Definition (units) Value Reference
Exposure Estimated receptespecific contaminant Calculated | --
Dose intake (mg/kg of body weight/day)
Cs Chemical concentration in sdihg/kg) Site-specific | Maximum detected
concentration (€ ft bgs)
IR Ingestion rate (kg food [ww]/day) 0.024 Maximum reported total
dietary intake; American
robin (US EPA, 19939)
ww:dw Wetweight to dry weight conversion 0.22 78-percent moisture
factor for ingested matter(kg [dw]/kg
[ww])
AUF Area use factor (the ratio of the site 1 Maximum possible value
exposure area to the receptor foraging
range) (unitless)
BW Body weight(kg) 0.025 Minimum reported adult
body weight (Trost, 1972)

The equation and exposure assumptions for calculating the Tier 1 exposure doses for the kit fox
are presented in Equatiod.3

Equation 34. Calculation of Tier 1 Exposure Dose for COPECs isoil; Kit Fox
Odn ¢ imEigme  oTvodu 0 YO
0w
Parameter Definition (units) Value Reference
Exposure Estimated receptespecific contaminant calculated | --
Dose intake (mg/kg of body weight/day)
Cs Chemicalconcentration in soil (mg/kg) Site-specific | Maximum detected
concentration (A0 ft bgs)
IR Ingestion rate (kg food [ww]/day) 0.18 Maximum reported total
dietary intake (OEHHA,
2003)
ww:dw Wetweight to dry weight conversion 0.22 78-percent moisture
factor for ingestednatter (kg [dw]/kg
[ww])
AUF Area use factor (the ratio of the site 1 Maximum possible value
exposure area to the receptor foraging
range) (unitless)
BW Body weight (kg) 1.6 Minimum reported adult
body weight (OEHHA, 2003

The equation and exposure assumptions for calculating the Tier 1 exposure doses fer the red
tailed hawk are presented in Equatiim
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Equation 35 Calculation of Tier 1 Exposure Dose for COPECs in Soil; Rethiled
Hawk
Odn ¢ imeimo 0100 0 YO
0w
Parameter Definition (units) Value Reference
Exposure Estimated receptespecific Calculated | --
Dose contaminant intake (mg/kg of body
weight/day)
Cs Chemical concentration in soil Site-specific | Maximum detected
(mg/kg) concentration (4 ft bgs)
IR Ingestion rate (kg food [ww]/day) 0.12 Maximum reported total
dietary intake (US EPA,
19939)
ww:dw Wet weightto dry weight conversion 0.22 78-percent moisture
factor for ingested matter (kg
[dw]/kg [ww])
AUF Area use factor (the ratio of the site 1 Maximum possible value
exposure area to the receptor
foraging range) (unitless)
BW Body weight (kg) 0.96 Minimum reported adult
body weight (US EPA,
19939g)

The equation and exposure assumptions for calculating the Tier 1 exposure doses for the

pronghorn are presented in EquatBi

Equation 36. Calculation of Tier 1 Exposure Dose for COPECs in Soil; Praghorn

Odn ¢ i OV0 R0 0 YO
0w
Parameter | Definition (units) Value Reference
Exposure | Estimated receptespecific contaminant calculated | --
Dose intake (mg/kg of body weight/day)
Cs Chemical concentration in sdiing/kg) Site-specific | Maximum detected
concentration (4 ft bgs)
IR Ingestion rate (kg wet matter/day) 0.74 Dry matter intake rate for
Based on equation: herbivores (based on Nagy,
IR=a(BWY) where: a=2.606, b=0.628 2001)
ww:dw Wet weightto dry weight conversion 0.22 78-percent moisture
factor for ingested matter (kg [dw]/kg
[ww])
AUF Area use factor (the ratio of the site 1 Maximum possible value
exposure area to the receptor foraging
range) (unitless)
BW Body weight (kg) a7 Minimum reported adult body
weight (0O Gar a
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Exposure doses will not be calculated for plants. For the Tier 1 exposure assessment, it will be
assumed that the exposure concentrations for plants are equal to the maximum detected
concentrations of CRECs in soil.

9.2.7 Toxicity andRiskCharacterization

For the Tier 1 ERAs, toxicity reference values will be selected based on NOAELs. TRVs will be
obtained from |Iiterature and avail able databa
(LANL) EcoRisk database.

Note: If using the LANL EcoRisk databasaution must be taken. EcoRisk provides pre
calculated ecological screening levels that are based on tspigtific assumptions. The main
search engine will providecological screening levelE§L9 for receptors based on NOAEL

and LOAEL toxicity data (sFigure7). When calculating doses using the above equations, the
TRVs and not the ESLs must be used (as shown in Ryure

ECOLOGICAL SCREENING LEVELS (ESLS) Acronyms Analyte Search ESL Menu Home

Overview ESL Model Receptor Parameters Rad Parameters ESL Reference

INORG lArsenic | /American kestrel 100% flesh SOIL 7.4E+02 7.4E+03 |mg/kg
(Avian top carnivore)
INORG Arsenic AS /American kestrel 50% flesh/ 50% SOIL 1.0E+02 1.0E+03 |mg/kg
(insectivore / carnivore) invertebrate
Figure 7. Snapshot of LANL EcoRisk and ESLs
‘TOXICIT‘{ REFERENCE VALUE (TRV) Summary Acronyma || Close
|
‘This screen displays TRV values currently in the database for the selected ANALYTE , ESL Model and SCREENING RECEPTOR Group. I
TRV Development Methods Document. pdf *Definitions of TRV
" Printable Report
Tiers
Analyte Group Analyte Name Analyte Code Screening Receptor Group Functional Group ESL Model
INORG |Arsenic AS IBild A SoIL
}\chronic cs | 2.24E+00 | 2.24E+01 |mg/‘kg!d [@ oD F YES 1 TRV Details
Chronic | 2.46E+00 | Img/kgld Iccwbird‘ Brown-headed o NO 4 TRV Details
Chronic | 5.14E+00 | |mg/kg!d |Duck‘ Mallard oD NO 4 TRV Details

Figure 8. Snapshot of LANL EcoRisk and TRVs

In lieu of usingecoRisk or other UEPA ecological databasesteview of literaturenay be

conducted to determine if data are available to either derive a TRV or if an appropriate surrogate
can be applied. If a new TRV is derived, the TRV and supporting data will bielgrddo the

DWMRC for approval.
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If a TRV is not available and/or no surrogate data could be identified, the exclusion of potential
toxicity associated with the CE&E will be qualitatively addressed in the uncertainty analysis of
the risk assessment. @tifactors that may be included in this discussi@irequency of

detection, depth of detections, and special analysis of the detections.

For plants, the Tier 1 screening level hazard quotients for plants will be calculated by comparing
exposure doses€., maximum detected concentrations of COPEsftbgs for shallow rooted
plans or 610 ft bgs for deep rooted plants) to an effect concentration. The equation for
screening level hazard quotient (SLHQ) for plants is shown in Equafion

Equation 37. Calculation of ScreeningLevel Hazard Quotients for
Plant Receptors

&

YO OD T e s e
OQQBEE wQE 01 WO Q¢ ¢
Parameter Definition (units)
SLHQ Screening level hazard guotient (unitless)
Cs Chemical concentration in soil (mg COPEC / kg soil dry weig

(0-1 ft bgs shallowrooted and & ft bgs deep rooted plants)
Effect Concentration | Concentration at which adverse effects are not expected (Jng

Tier 1 SLHQs for wildlife receptors will be calculated by comparing estimated exposure doses
derived using Equatior32 through36 for each of the key receptors determined to have
complete habitat and exposure pathways at the site to NébaE&d TRVs. Thderivation of
SLHQ for the key receptors (except plants) is shown in Equagon

Equation 38. Calculation of ScreeningLevel Hazard
Quotients for Wildlife Receptors

Vi OF 0¢i Q
PV Yo
Parameter Definition (Units)
SLHQ Screeningevel hazard quotient (unitless)
Dose Estimated receptespecific contaminant intake, from
Equations 1 through 5 (mg/kg of body weight/day)
TRV NOAEL-based TRV (mg/kg/day)

An ESL can be derived for comparison to chemical concentrationd,imasshown in Equation
39. As discussed above, pealculated ESLs may be available from various sourtlesvever,
for soil calculation of dose is preferred over a generic ESL that may not reflecspkatic
parameters While not comprehensive, ttiellowing is a list of commons sources for ESirsd
ecological toxicity data

1 LANL EcoRisk Databas@ ANL, 2020)
1 Region 4 Ecological Risk Assessment Supplemental Guidance (US EPA, 2018)
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1 Region 5 Ecological Screening Levels (US EPA, 2003)
1 ECOTOX (USEPA, 2023)

Aquatic community organisms are exposed to chemicals in their natural environment primarily
through direct contact with water and sediment. As defined in the LANL EcoRisk
documentation, the aquatic organism spends at least part of theirditesse association with
sediment.For comparison tsurface watedatg ESLs based ongeneric aquatic community
organism may be applieddquatic organisms for sediment ESLs are broadly representative of
the adverse effects of COPECs on the aquatic community and apply to both aquatic plants and
invertebrates Water quality standards listed in UAC R32 fmay not be used as ESLs

SedimentESLs do not apply to fish or other wildlife. If fish or other organisms are identified as
receptors, the approach and ESLs/TRVs should be discussed with DWMBR<&ful tool for

water and sediment pathways is the US EPA EcoBtigg;//www.epa.gov/ecolfepaecobox
tools-exposurepathwayswaterandsedimeny.

Equation39 reflectsthe relationship between dose artmicalconcentration irsoil underTier
1 as well as the relationship between the TRV and.ESL

Equation 39. Use of the ESLs to Determin¢he SLHQ

Vi OF 0
L OVES,
Parameter Definition (Units)
SLHQ Screeningevel hazard quotient (unitless)
Cs Chemical concentration in sail sedimen{mg COPEC / kg
soil dry weight)or other medium (e.g., surface water)
ESL Ecological Screening Level

SLHQs are calculated for each receptor and each COPEC. For each receptor, additive risk must
be evaluated. For the initial screening assessment, it is assumed that all COPECs have equal
potential risk to the receptor. The overall Hl is then calculaieddch receptor using Equation

40:

HI = SLHQ +SLHQ +...+ SLHQ Equationd0

Where:

HI = Hazard Index (unitless)
SLHQ« = Hazard quotient for each COPEC (unitless)

DWMRC applies a target risk level for ecological risk assessments of 1.0. If the HI for any

receptor is above this target risk level, then there is a potential for adverse effects on ecological
receptors and additional evaluation following the Tier 2 SLERA process is required.
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As with all risk assessments, the SLERA should include a discusisiba uncertainties. More
detailed information may be found in t@aiidance for Assessing Ecological Risks Posed by
Chemicals: Screeningevel Ecological Risk Assessm@dMED, 2014).

9.3 Tier2

The refined Tier 2 ERA will follow the same stepdaisen in the Tier 1 SLERA, only with more
realistic exposure assumptions likely to be encountered by each ecological receptor. Although
the Tier 2 assessment is more-sipecific than Tier 1, the Tier 2 assessment also employs many
assumptions that woulgtovide conservative estimates of ecological risk and is more
conservative than a sipecific Tier 3 assessment.

The first step in the Tier 2 problem formulation will be to refine the list of ecological COPECs.
This will be accomplished by reviewinlge results of the Tier 1 assessme@OPECs which

had areceptor specifiSLHQ less than one will not be retained as a COPEC for that receptor for
assessment in the refined analysis

The following assumptions will apply to Tier 2 exposure doses:

1 EPC-95UCLs will be utilized as the EPC for determination of EPCs and UCLS).

1 AUF - Site-specific value between 0 and 1, based on the ratio of the exposure area (size
of SWMU or corrective action site) to the
inEquation4dl ; i f a receptor’s home range size 1is
will be assumed.

6 YO Equation 41

Bioavailability — It will be assumed that the bioavailability is 100% at each site.
Body weight— The average reported adult body weight will be applied.
Ingestion rate- The average reported ingestion rate will be applied.

= =4 =2 =2

Dietary composition- Receptorspecific percentages of pla@inimal, and soil matter
will be considered. Concentrations of COPECs in dietary elements (plant and animal
matter) will be predicted using bigptake and bioaccumulation modeling.

1 Wetweight to dryweight conversion facter Because body weight is reped as wet
weight (kg), and soil concentrations are reported asvéight (mg/kg), a wetveight to
dry-weight conversion factor will also be applied when calculating exposure doses.

The Tier 2 exposure doses for wildlife receptors will include onepivadl three of the

following elements, depending on the receptor being evaluated: 1) ingestion of plant matter; 2)
ingestion of animal (or invertebrate) matter; and 3) incidental ingestion of soHupBaéie and
bioaccumulation modeling will be utilizéd predict the concentrations of COPECs in plants and
animal/invertebrate matter that could be ingested by wildlife receptors

77



June 203

Plant uptake factors (PUFs) will be used to predict the concentrations of COPECs in plants. PUF
values and the equation thabsild be used to calculate PUF values for inorganic constituents

are summarized in Tabls. PUF values and equations for selected organic constituents are

listed in Tablel7. For organic COPECSs, the PUFs are based on the oetate partition

coefficient (Kow), which will be obtained frondS EPA databases or primary literature.

If a PUF is not available, then a value of one (1) will be applied which assumes 100%
assimilation. The equation and variables that will be used to predict COPEC concentrations in
plants are shown in Equatidi2.

Equation 42. Calculation of COPEC Conentrations in Plants

Of a e 0i ¢ a0 Y O

Parameter | Definition (Units) Value
Cplant COPEC concentration in plant (mg/kg dr| Calculated
weight)
Csoil Concentration of COPEC in soil (EPC) | Site-specific
(mg/kg dry weight)
PUF Plantuptake factor (unitless) For inorganics (see Tabld)

For organic constituents (Travis and Arms, 1988)
PUF = 1@!-588-0:578log Kow)gr Table 17
Kow- Obtain from EPA, 2011b or most current

Table 16. Plant Uptake Factors forlnorganics

Analyte Plant Uptake Factors (PUFs) and Equations?
Aluminumt 4.0803
Antimony In(Cp) = 0.938 * In(Cs} 3.233
Arsenic Cp=0.03752 *Cs
Barium Cp=0.156 *Cs
Beryllium In(Cp) = 0.7345 * In(Cs) 0.536
Boron 4.0E+06G
Cadmium In(Cp) =0.546 * In(Cs) 0.475
Calcium 3.5E+006
Chromium Cp=0.041*Cs
Cobalt Cp=0.0075*Cs
Copper In(Cp) = 0.394 * In(Cs) + 0.668
Iron 4.0e03t
Lead In(Cp) = 0.561 * In(Cs} 1.328
Magnesium 1.0E+006
Manganese Cp=0.079*Cs
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Analyte Plant Uptake Factors (PUFs) and Equations?
Mercury 9.0e01!
Molybdenum 2.56011
Nickel In(Cp) = 0.748 * In(Cs} 2.223
Potassium 1.0E+00
Selenium In(Cp) = 1.104 * In(Cs} 0.677
Silver Cp=0.014*Cs
Sodium 7.5602
Thallium 4.0E03!

Tin 3.0E02

Vanadium Cp =0.00485 * Cs

Zinc In(Cp) = 0.554 An(Cs) + 1.575
! From Baeset.al, 1994

2USEPA, 2007

Cp - concentration in plant

Cs-concentration in soill

Table 17. Plant Uptake Equations forSelectOrganics

Analyte Plant Uptake Factor (PUF)Equation?
Dieldrin Cp=041*Cs
TNT Cp=4.23*Cs
RDX Cp=0.43*Cs
Acenaphtene In(Cp)=-0.8556 * In(Cs) 5.562
Acenaphthylene In(Cp) = 0.791 * In(Cs}1.144
Anthracene In(Cp)=0.7784 * In(Cs} 0.9887
Fluoranthene Cp=0.50*Cs
Fluorene In(Cp)=-0.8556 * In(Cs) 5.562
Naphthalene Cp=12.2*Cs
Phenanthrene In(Cp)= 0.6203 * In(Cs} 0.1665
Benzo(a)anthracene In(Cp)=0.5944 * In(Cs} 2.7078
Benzo(a)pyrene In(Cp)=0.9750 * In(Cs} 2.0615
Benzo(b)fluoranthene Cp=0.310*Cs
Benzo(k)fluoranthene In(Cp)=0.8595 * In(Cs} 2.1579
Chrysene In(Cp)=0.5944 * In(Cs) 2.7078
Dibenz(a,h)anthracene Cp=0.13*Cs
Indeno(1,2,3d)pyrene Cp=0.11*Cs
Pyrene Cp=0.72*Cs
Pentachlorophenol Cp=5.93*Cs
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Analyte Plant Uptake Factor (PUF)Equation?
1 USEPA, 2007
Cp—concentration in plant
Cs-concentration in soll

Concentrations of COPECs in animal matter (invertebrates and prey species) will be predicted by
applying bioaccumulation or biomagnification factors (BAFs). The BAFs will be selected from
primary literature sources. If BAdfata are not available, a default value @fill be used,

which will conservatively assume 100% assimilation. Methodology for determining BAFs for

soil to plants, soil to earthworms, and soil to small mammals may be fols EPA(2003(g),

2005, and2007). The equation and variables for predicting concentrations in animal matter are
shown in Equatiod3.

Equation 43. Calculation of COPEC Concentrations in Preyinvertebrate
O wat vl O ¢ 00 070
Parameter Definition (Units) Value
Choreyinvert COPEC concentration in prégvertebrate| Calculated
(mg/kg dry weight)
Cesoil Concentration of COPEC in soil (EPC) (mg/| Site-specific
dry weight)
BAF Bioaccumulation/Biomagnification factor Chemicalspecific (see
US EPA2003(g), 2005,
and 2007)

The equation and exposure assumptions that will be used to calculate the Tier 2 exposure doses
for the deer mouse are shown in Equatidn

The equation and exposure assumptions that will be used to calculate the Tier 2ecttpsssir
for the horned lark are shown in Equation 45.
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Equation 44. Calculation of Tier 2 Exposure Dose for COPECs in Soil; Deer Mouse

Own ¢ @M

0 oY 0 0dQ O o oY 0 0dQ O 0 oY Y'Y 6 YO0
0w

Parameter Definition (Units) Value Reference

Exposure dose Estimated receptespecific contaminant Calculated --
intake (mg/kg of body weight/day)

Chlant COPEC concentration in plar(isg final Calculated See Equatiod?2
COPEC/kg plant dry weight)

IRtotal Receptorspecific average ingestion rate 0.004 US EPA 1993¢g
based ortotal dietary intake (kg wet
weight/day)

IRpiant Receptorspecific plartmatter ingestion rate 0.003 Based on an average
(kg food wet weight/day) ingestion rate of 0.004

kg/day (US EPA,
19939g) and a diet of
74% plant matter
(OEHHA, 1999)
ww:dw Wetweight to dry weight conversion facto 0.22 78-percent moisture
for ingested matter

Cinvert Invertebrate EPC (mg fin@OPEC/kg Calculated See Equatiod3
invertebrate dry weight)

IRinvert Receptorspecific animal matter ingestion 0.001 Based on an average
rate (kg food wet weight/day) ingestion rate of 0.004

kg/day (US EPA,
1993g) and a diet of
26% invertebrate matte
(OEHHA, 1999)

Csoil Surfacesoil EPC (mg final COPEC/kg soll Site-specific 95% UCL if available,
dry weight) or maximum (610 ft

bgs)

IRsoil Receptorspecific incidental soil ingestion 0.000018 Based on < 2% (Beyer
rate (kg soil dry weight/day) et. al, 1994); Average

ingestion rate of (0.004
kg/day wet weight *
0.22 ww:dw) * 2%.

ST Bioavailability factor for constituents 1.0 Conservative default
ingested in soil (assumed to be 1.0 for all (assume 100%
constituents) bioavailability)

AUF area use factor (maximum value = 1); ratiq  Site-specific US EPA, 1993¢g
of area of site to average receptor foraging
range (0.3 acres for deer mouse)

BW average adult body weight (kg) 0.02 CDW, 2011
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Equation 45. Calculation of Tier 2 Exposure Dose for COPECs in Soil; Horned Lark

Own ¢ @M

0 oY 0 0dQ O o oY 0 0dQ O 0 oY Y'Y 6 YO0
0w
Parameter Definition (Units) Value Reference
Exposure dose Estimated receptespecific contaminant Calculated --
intake (mg/kg of body weight/day)
Chlant COPEC concentration in plar(isg final Calculated See Equatiod?2
COPEC/kg plant dry weight)
IRplant Receptorspecific plamntmatter ingestion rate 0.026 Based on average
(kg food wet weight/day) ingestion rate of 0.035
kg/day (US EPA
1993b) and a diet of
75% plant matter
(Doctor,etal, 2000)
andUS EPA 1993¢g
ww:dw Wetweight to dry weight conversiondsor 0.22 78-percent moisture
for ingested matter
Cinvert Invertebrate EPC (mg final COPEC / kg Site-specific See Equatiod3
invertebrate dry weight)
IRinvert Receptorspecific animal matter ingestion 0.009 Based oraverage
rate (kg food wet weight/day) ingestion rate of 0.035
kg/day (US EPA
1993b) and a diet of
25% invertebrates
(Doctor, et al, 2000)
andUS EPA 1993¢g
Csoil Surfacesoil EPC (mg final COPEC / kg soii  Site-specific 95% UCL if available,
dw) or maximum (61 ft
bgs)
IRsoil Receptorspecific incidental soil ingestion 0.00077 Based on 10% (Baeet
rate (kg/day dry weight) al, 1999. Average
ingestion rate of (0.035
kg/day (wet weight) *
0.22 ww:dw) * 10%).
ST Bioavailability factor for constituents 1 Conservative default
ingested in soil (assumed to be 1 for all (assume 100%
constituents) bioavailability)
AUF Area use factor (maximum value = 1); rati¢ ~ Area of site Beason, 1995
of area of site to average receptor foragin¢ (acres) / 4 acres
range (4 acrefor horned lark)
BW Average adult body weight (kg) 0.033 Trost, 1972

The equation and exposure assumptions that will be used to calculate the Tier 2 exposure doses

for the kit fox are shown in Equatiaté.
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Equation 46. Calculation of Tier 2 Exposure Dose for COPECs in Soil; Kit Fox
o oY 0 0dQ O 0 0Y Y'Y 6 YO
Own ¢ i @ETM —
0w
Parameter Definition (Units) Value Reference
Exposure dose Estimated receptespecific contaminant Calculated --
intake (mg/kg of body weight/day)
Corey Prey EPC (mg final COPEC / kg prey dry Calculated See Equatiod3
weight)
IRprey Receptorspecific animal matter ingestion 0.13 Based on an average
rate (kg food wetwveight/day) ingestion rate of 0.13
kg/day (OEHHA,
2003) and a diet of
100% animal matter
ww:dw Wetweight to dry weight conversion factor 0.22 78-percent moisture
for ingested matter
Csoil Surface and subsurfaseil (0-10 ft bgs) EPC|  Site-specific | 95% UCL if available,
(mg final COPEC / kg soil dw) or maximum (010 ft
bgs)
IRsoil Receptorspecific incidental soil ingestion 0.0008 Based on 2.8% (Beyer
rate (kg soil dry weight/day) et.al., B94). Average
ingestion rate of (0.13
kg/day (wet weight)
*0.22 ww:dw) * 2.8%).
ST Bioavailability factor for constituents 1 Conservative default
ingested in soil (assumed to be 1for all (assume 100%
constituents) bioavailability)
AUF Area use factor (maximum value = 1); ratio| Sitespecific | --
of area of site to average receptor foraging
range (1713 acres for kit fox)
BW Average adult body weight (kg) 2.0 OEHHA, 2003

The equation and exposure assumptions that will be used to calculate the Tier 2 exposure doses
for the redtailed hawk are shown in Equatidi.
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Equation 47. Calculation of Tier 2 Exposure Dose for COPECs in Soil; Redailed

Hawk
o oY 0 0dQ 0 0 ‘0Y Y'Y 670
Own € i BET'N —
0w
Parameter Definition (Units) Value Reference
Exposure dose Estimated receptespecific contaminant Calculated --
intake (mg/kg of body weight/day)
Corey Prey EPC (mg final COPEC / kg prey dry Calculated See Equatiod3
weight)
IRprey receptorspecific animal matter ingestion raf 0.1 Based on an average
(kg food wetweight/day) ingestion rate of 0.1
kg/day (US EPA
19939) and a diet of
100% animal matter
ww:dw Wetweight to dry weight conversion factor 0.22 78-percent moisture
for ingested matter
Csoil surfacesoil EPC (mg final COPEC / kg soill Site-specific 95% UCL if available,
dw) or maximum (01 ft
bgs)
IRsoil receptorspecific incidental soil ingestion rat 0.0004 Based on < 2% (Beyer
(kg soil dry weight/day) et. al., 1994). Average
ingestion rateof (0.12
kg/day (wet weight)
*0.22 kg/kg) * 2%).
ST bioavailability factor for constituents ingesté 1 Conservative default
in soil (assumed to be 1 for all constituents (assume 100%
bioavailability)
AUF area use factor (maximum value = 1); ratio|  Site-specific --
area of site to average receptor foraging ra|
(1770 acres for rethiled hawk)
BW average adult body weight (kg) 1.1 US EPA, 1993¢g

The equation and exposure assumptions that will be used to calculate the Tier 2 exposure doses

for the pronghorn are shown in Equatié
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Equation 48. Calculation of Tier 2 Exposure Dose for COPECs in Soil; Pronghorn

0 oY 0 0dQ O 0 0Y Y'Y 6°YO0
Own ¢ i @i —
0w
Parameter Definition (Units) Value Reference
Exposure dose Estimated receptespecific contaminant Calculated --
intake (mg/kg of body weight/day)
Chlant COPEC concentration in plan(isg final Calculated See Equatiod?2
COPEC/kg plant dry weight)
IR plant receptorspecific plarimatter ingestion rate 1.4 Based on an average
(kg food wet weight/day) ingestion rate of 1.4

kg/day (US FWS,
2005) and a diet of
100% plant matter

ww:dw Wetweight to dry weight conversion factor 0.22 78-percent moisture
for ingested matter
Csoil surfacesoil EPC (mg final COPEC / kg soil 95% UCL if available,
dw) or maximum (@1 ft
bgs)
IRsoil receptorspecific incidental soil ingestion rat 0.006 Based on < 2% (Beyer;
(kg soil dry weight/day) et. al., 1994). Average
ingestion rate of (1.4
kg/day (wet weight) *
0.22 ww:dw) * 2%).
ST bioavailability factor for constituents ingesté 1 Conservative default
in soil (assumed to be 1.0 for all constituen (assume 100%
bioavailability)
AUF area use factor (maximum value = 1); ratio|  Site-specific Zoellick & Smith, 1992

area of site to average receptor foraging
range (3422 acres for pronghorn)
BW Average adult body weight (kg) 50 O’ Gar a, 19

9.3.1 Toxicity

The Tier 2 TRVs will be based on LOAELs. The LOAEL will be used as it is more
representative of population risks.

9.3.2 Risk Characterization
Risk characterization for Tier 2 will be conducted by calculating HQs for plant and wildlife

receptors using a similar method as in the Tier 1 SLERA. The equation and assumptions for
calculating the Tier 2 HQs for wildlife receptors are shown in Equéton
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Equation 49. Calculation of Tier 2 Hazard Quotients for Wildlife
Receptors
Ob 0ei Q
Y YV
Parameter Definition (Units)
HQ Hazard quotient (unitless)
Dose Estimated receptespecific contaminant intake (mg/kg of body weight/d
TRV Toxicity reference value (mg/kg/day) based on lowest observed adver
effects level (LOAEL)

For plants, a qualitative discussion of the potential for adverse risk will be provided in the
assessment. Comparison of TRVSs to soricentrations based on the 95% UCL may be
provided.

Summation of HQs will be added for COPECSs that have a similar reesggeoific mode of
toxicity. If the Tier 2 Hl is less than one, adverse ecological effects are not expected, and no
further action Wl be taken.

If a HQ exceeds 1.0, this is not necessarily indicative that an adverse risk will occur (Menzie,
et.al 1993 Tannenbaungt.al2003, and Tannenbaum, 200#s reproductive impacts are most
critical to assessing risk to populations, thgdshould be carefully evaluated. If the HQ is

equal to or greater than 1.0, but less than 10, there may be a low potential for adversdfeffects.
the HQ is greater than 10, there may be a higher potential for adverse effects to occur based on
experimetal evidence.

For sites that have an HI equal to or greater than one, the site may require: 1) additional
evaluation under a weiglof-evidence analysis; 2) a Tier 3 risk assessment; or 3) a corrective
measurestudy or other remedial action

PerUS EPA(1997c), Tier 2 ecological risk characterization should include a discussion of the
uncertainties since many assumptions may or may not accurately reflect site conditions.
Therefore, a discussion of the uncertainties associated with Tier 2 SLERA witllbéed in the
report.

9.4 Tier3

If the Tier 2 ERAdoes not show that levels of contamination in the impacted media are below
the target level of 1.0, additional quantitative analyses (e.g., biota studies to evaluate impacts at
the site) or even corrective actions (e.g., removals) may be warrddeéMRC should be

consulted before proceeding with additional analyses and/or corrective acticms@sidenefit
analysis that weighs corrective actions (removals) versus additional investigations should be
performed. If the SLERA, consultation WitWWMRC, ard the cosbenefit analysis support

further evaluation of the contaminated site,-sfecific data that supports formulation of a

problem statement fa Tier 3 sitespecific ecological risk assessmshbuld beconducted.

86



June 203

9.4.1 Performing a Tier 3 Sit8pecific Ecological Risk Assessment

After problem formulation is completed and an integrated conceptual exposure model is
developed and discussed WithVMRC, a Work Plan should be developed and submitted to
DWMRC for approval. Site specific data shoulcelrollected and used, wherever practicable, to
determinewhethersite releases present unacceptable risks and to develop quantitative cleanup
levels that are protective. As in all risk assessmémscopeof the Tier 3 sitespecific risk
assessmersthauld be tailored to the nature and complexity of the issues present at the site and
response alternatives being considered, including their costs and implementability.

9.4.2 Problem Formulation for Tier 3

Like a Tier 1 or Tier ZLERA, a Tier 3 assessmergdins with a problem formulation step. By
combining information on: (1) the site COPECSs; (2) the ecotoxicity of the COPECSs; (3) the
ecological setting; (4¢nvironmental fate and transport; and (5) complete exposure pathways,
those aspects of the site sgstempotentiallyat risk as well as the responses to that risk are
identified. Based on that information, the risk assesst teamrandDWMRC agree on

assessment endpoints and specific risk questions or testable hypotheses that, together with an
integraed CSM, form the basis for the site investigation.

Problem Formulation for a Tier 3 assessment includes the following elements:

1 Refinement of the COPECs by examining the assumptions usedSh EfA.

1 Further characterization of the ecological effedsociated with the contaminants.

1 Reviewing and refining information on contaminant fate and transport, complete
exposure pathways, and ecosystems potentially at risk.

1 Selection of sitespecific assessment endpoints.

1 Development of mintegratedCSM andassociated risk questions.

If the problem formulation step indicates additional sampling is required for the Tier 3

assessment, a separate sampling and analysis plan (SAP) may also be required. In addition to

documenting the approaches, procedures, gpeotations for the Tier 3 sispecific ecological

risk assessment, the Work Plan should alsomarie all agreemergtbetween the facility and

DWMRC regarding theontaminants of concern, assessment endpoints, exposure pathways, and

risk questions.

9.4.3 Refining Contaminants of Concern

Because of the conservative assumptions used durirg) tBRA, some of the COPECs retained
for the Tier 3 assessment might pose negligible risk. At this efabe ecological risk
assessment procesle risk assessmieteam should review the assumptions used irStHERA
(e.g., bioavailability assumed to be 100 percent) against C&PECIfic values reported in the
literature and consider how thazard quotients or indiceguld change if more realistic, yet
conservave, assumptions were applied.
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New informationmaybecome available that indicates the initial assumptions that screened some
contaminants out of theLERA are no longer valid (e.g., site contaminant levels are higher than
originally reported).In this @se, contaminants can be placed back on the list of COPECs to be
investigated.

After consultation wittDWMRC, one or more of the following supplemental components
(background concentrations, frequency and magnitude of detection, dietary consideratyons) ma
be included in the Problem Formulation step for the Tier 3 assessment. These components need
not be implemented in the order presented herein, nor do all the components need to be
implemented.However, any COPEC identified for potential exclusion fiben Tier 3

assessment through application of any supplemental component must also be evaluated for its
potential to bioaccumulate, biomagnify, and bioconcentrate.

Those components included in the assessment should be identified and disctssédtbrix

Plan. In addition, the Tier 3 ecological risk assessment report should fully address the issues
associated with each supplemental component included in the Bse&saent and describe the
rationale underlying its selection for inclusion in the assessment.

9.4.4 Frequency and Magnitude of Detection

The SAP needs torovide forcharacteriation ofthe full range of variability and distribution in
the datavhile meetng the projectcriteria for completeness, comparability, representativeness,
precision, and accuracysivendata ofadequate quality, reduction of COPECs through
application of this component may be determined acceptable following consultation with
DWMRC. A frequency of detection (FORValuation shoulde-examinethe original results
considering:

1 The information and data considered in the evaluation performed for the SLERA,

1 The results of the SLERA, and

1 The information and data gathered in performing tloblem formulation activities
associated with the Tier 3 sigpecific ecological risk assessment.

The rationale, criteria, and methodology to be employed shoudébessed wittbDWMRC.

For a Tier 3 assessment, these discussions should be expanddr@$s additionaksues

including: 1) the influence of random and/or biased sampling on the frequency and magnitude of
detected values within the distribution of d&athe spatial and temporal pattern of

contaminants identified as low frequency anddev magnitude3) comparison of riskbased

detection limits with toxicity benchmarks; adjithe relationship of detected values to toxicity
benchmarks.The agreed upon approach should be documented in the Work Plan.

9.4.5 Dietary Considerations
Some siteelaed chemicals such as calcium, iron, magnesium, sodium, and potassium can
function as nutrients in organisms serving as physiological electroftben present at

concentrations that allow them to function in this manner, they typically pose littlegmablo
risk. However, some nutrients (e.g., selenium, copper, molybdenum, and boron) can transition
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from essential to toxic at slightly higher concentrations. As part of the Tier 3 assessment, the
suite of nutrients relevant to the range of ecologicaptus (wildlifeversusplants) at the site
should be identified. The potential for toxic effects resulting from site concentrations relative to
the toxicological benchmarks for nutrients should be evaludtedddition, the assessment

should determinashether exposure to site contamination could result in a nutrient deficiency for
organisms of concern. As part of the analysis, the nutrient deficiency level and the toxicity
benchmark should be compared to determine if they are similar in magnitude.

9.4.6 Bioaccumulation, Bioconcentration and Biomagnification

For those COPECs identified by applying any of the supplemental components discussed above,
it is essential to evaluate their potential to bioaccumulate, bioconcentrate, and/or biomagnify
prior to elimirating them from further consideration in the Tier 3 assessn@arpounds with a

high potential to accumulate and persist in the food chain showalarbed outhrough the risk
assessment process.

Additionally, the Tier 3 assessment shoatttiresshe likelihood that contaminants identified for
removal from the list of COPECs could exert adverse effects on higher trophic level organisms.
A determination that bioaccumulation and biomagnification have been satisfactorily addressed
through metods developed in consultation with b&/MRC and documented in the Tier 3
assessment Work Plan (e.g., modeling;stated tissue measurements) should be included in
the sitespecific risk assessment report.

9.4.7 Further Characterization of Ecological Effts

The literature searches conducted as part o5LiERA should be expanded to obtain the

information needed for the more detailed problem formulation phase of the TieisBesiific

ecological risk assessmerithe literature search should identffDAELs, LOAELS, exposure
response functions, and the mechanisms of toxic responses for those contaminants that were not
addressed in thBLERA. Appendix C ofUS EPA s E&dical Risk Assessment Guidance

for Superfund: Process for Designing and Caortthg Ecological Risk Assessme(itks EPA

1997a) presents additional details on the factors that are important in conducting a literature
search.For all hemicas on the refined list of COPECS, it is important to obtain and review the
primary literaturdo ensure potential data gaps are addressed and that the most recently available
information is used is Tier 3 risk assessment.

9.4.8 Reviewing and Refining Information on Contaminant Fate and Transport, Complete
Exposure Pathways, and Ecosystétotentially at Risk

The exposure pathways and the ecosystems associated with the assessment endpoints that were
retainedn theSLERA are evaluated in more detaAdditional information should be compiled
on:

1 The environmental fate and transport e @OPECs

1 The ecological setting and general flora and fauna of the site (including habitat, potential
receptors, etc.); and
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1 The magnitude and extent of contamination, including its spatial and temporal variability
relative to the assessment endpoints.

It is frequently possible to reduce the number of exposure pathways that require evaluation to
one or a few "critical exposure pathways" which (1) reflect maximum exposures of receptors
within the ecosystem, or (2) constitute exposure pathways to ecolaggeakors sensitive to

specific COPECsIf multiple critical exposure pathways exist at a site, each should be evaluated
as part of the Tier 3 assessment.

9.4.9 Contaminant Fate and Transport

Information on how the COPECs will or could be transported orftyamed in the environment

by physical, chemical, and biological processes should be used to identify the exposure pathways
that could produce significant ecological impacts. Physically, COPECs move through the
environment byvolatilization, erosion,depostion (contaminant sinksjyyeathering of parent

material with subsequent transport, anavater transport Chemically, COPECs can undergo

several processes in the environm&nth as dgradationcomplexationjonization,

precipitation, and/oadsorption Several biological processes also affect COPEC fate and

transport in the environmeintcluding hoaccumulationbiodegradationbiological

transformationfood chain transfers, and/excretion. Degradation product(s) and biological
transformation pragcts may be more or less toxic than the parent compound.

The above informatiors used to evaluate how COPE®8! partition in the environment and
determine the bioavability of site contaminantsNote that at this point in the process, it may
be possible for the risk assessment teamDANWIRC to use this information to replace some of
the conservative assumptioasmployedn theSLERA and eliminate some COPECs from further
evaluation. Such negtations should beummarizedin the Work Plan and must be documented
in the Tier 3 sitespecific ecological risk assessment report.

9.4.10 Complete Exposure Pathways

The potentially complete exposure pathways identified irstHERA must be evaluated in more
detalil in the Tier 3 assessmdrased orthe refined contaminant fate and transport evaluation and
the refined evaluation gfotential ecological receptors.

Some of the potentially complete exposure pathways identified BLBERA may be ruled out

from further consideration at this tim&€onversely, additional exposure pathways might be

identified particularly those originating from secondary souofe€®ntamination Any data gaps

that result in questions about whether an exposure pathway is compigi s identified, and

the type of data needed to answer those questions should be described to assist in developing the
Work Plan and SAPDuring the reexamination of the exposure pathways, the potential for
food-chain exposures deserves particulardgtonas ¥me COPECs are effectively transferred

through food chains while others are not.

90



June 203

9.4.11 Ecosystems Potentially at Risk

The ecological setting information collected during $té=RA should provide answers to
several questions including:

1 Whathabitats are present?
1 What types of water bodies are present, if any?
1 Do any other habitats exist on or adjacent to the site?

If the questions above cannot be effectively answered using the information fr&ER&, an
additional site visit should be gsidered to supplement the one conducted dure&toping
Assessment

Available information orthe ecological effects of contaminants as well as observations made
during the initial and subsequent site visits can help focus the Tier 3 assessmenifion spec
ecological resources that should be evaluated more thoroughly. For example, some groups of
organisms can be more sensitive than others to a particular COPEC,; alternatively, an already
stressed population (e.g., due to habitat degradation) couldtimilaaly sensitive to any added
stressr.

9.4.12 Selection of Sit&pecific Assessment Endpoints

The selection of assessment endpoints includes discussion between the righesseasand
DWMRC concerning management policy goals and ecological valaesit shouldbe sought

from all stakeholders associated with a site when identifying assessment endptaikéholder
input at this stage helps ensure (h8YMRC can readily defend the assessment endpoints when
making decisions for the site.

If a Tier 2screening assessment has been performed for the site, the selection of assessment
endpoints should besexamined Theendpointsselectedor the Tier 3 assessment should
reflect:

1 Contaminantsand concentrations at the site

1 Mechanisms of toxicity of #h contaminants to different groups of organisms;

1 Ecologically relevant receptor groups potentially sensitive or highly exposete to
contaminarg and attributes of their natural history; and

1 Potentially complete exposure pathways.

In addition, the riskassessment team should determine if any of the COPECs can adversely
affect organisms in direct contact with contaminated media (e.g., direct exposure to water,
sediment, soil) or if the contaminants accumulate in food chains, resulting in adversereffects i
organisms that are not directly exposed or are minimally exposed to the original contaminated
media (i.e., indirect exposurellso, therisk assessmemeam must decide if the Tier 3
assessment should focus on toxicity resulting from direictdarect exposures, or if both should

be evaluated.
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In specifying assessment endpoints, a broad specification (e.g., protecting aquatic communities)
is generally of less value in problem formulation than a focused specification (e.g., maintaining
aguaticcommunity composition and structure downstream of a site similar to that upstream of
the site). Focused assessment endpoints define the ecological value in sufficient detail to
identify the measures needed to answer specific questions about the stesbspecific

hypotheses.

Once assessment endpoints have been selected, testable hystibelsie developed to

determine whether or not a potential threat to the assessment endpoints\e@stsrement

endpoints can also be developed or if developed as part of a Tier 2 screening assessment, refined
based on the activities associated with the problem formulation step of the Tier 3 assessment.
Note that testable hypotheses and measuremepoinsl cannot be finalized without agreement

on the assessment endpoints amBWGVIRC, the risk assessment team, and other stakeholders.

9.4.13 Development of a Conceptual Site Model and Associated Risk Questions

Conceptual Site Model

Based on the informatiorbtained from th&SLERA, knowledge of the contaminants present, the
screening CSMincluding theexposure pathway modeind the assessment endpoints, an
integrated CSM should be developékheintegratedCSM should include a contaminant fate
andtranspordiagram that traces the movement of COPECs from sources through the ecosystem
to receptors associated with the assessment endpoints.

Exposure pathways that do not lead to a species or group of species associated with the proposed
assessment endpointinate that: (1) there is an incomplete exposure pathway to the receptor(s)
associated with the proposed assessment endpoint; or (2) there are missing components or data
necessary to demonstrate a complete exposure pathixaase (1) is true, the propes

assessment endpoint should be reevaluated to determine if it is an appropriate endpoint for the
site. If case (2) is true, then additional field data may be needed to reevaluate contaaénant f

and transport at the site.

Assessment endpoints diffeom site to site and can represent one or more levels of biological
organization.At any particular site, the appropriate assessment endpoints might involve local
populations of a particular species, commuigtyel integrity, and/or habitat preservatiofihe
integratedCSM must encompass the level of biological organization appropriate for the
assessment endpoints for the site.

Risk Questions

Ecological risk questions are inquiries into the relationship between an assessment endpoint and
its expectedesponse when exposed to site contaminatiRisk questions should be based on

the assessment endpoints selected for the site and lead to answers that establish a foundation for
the study design and evaluation of the results of the site investigatiom amalysis and risk
characterization phases of the risk assessment process. The most basic question applicable to
virtually everysite asks whether sielated contaminants are causing or have the potential to
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cause adverse effects on the assessmepban(s). To ensure the Tier 3 assessment is useful in
a feasibility study, it is helpful if the specific contaminant(s) posing the most significant threat(s)
can be identified.Thus the question is refined to ask "does (or could) chemical X causesadver
effects on the assessment endpoiritPgeneral, four lines of evidenegeused to answer this
guestion:

1 Comparison of estimated or measured exposure levedsgivenchemical with levels
that are known from the literature to be toxic to recemes®ciated with the assessment
endpoints;

1 Comparison of laboratory bioassays of media from the site and bioassays of media from a
reference site;

1 Comparison ofn situtoxicity tests at the site witim situtoxicity tests in a reference
body of water; and

9 Comparison of observed effects in the receptors associated with the site with similar
receptors at a reference site.

9.4.14 Finalization of the CSM

The problem formulation step for the Tier 3 assessment is considered complete once the risk
assessment team aDAVMRC reach agreement on four items: the ecological contaminants of
concern, the assessment endpoints, the exposure pathways, and the risk qUdstgmgems
should be presented and summarized inrtteggratedCSM for the site and the CSM should be
presented and discussed in the Work Plan and @APseparate SAP is developdd) the Tier

3 sitespecific assessment.

9.4.15 Develop a Work Plan and SAP for Tier 3

Based on the information assembled during problem formulation, the risk assessment team and
DWMRC agree on assessment endpoints, risk questions and/or testable hypotheses that, together
with the rest of the integrated CSM, form the basis for the sitetigaéen. At this stage, site

specific information on exposure pathways and/or the presence of specific species is likely to be
incomplete. By using thantegratedCSM, measurement endpoints can be selected/verified and a
plan for filling information gap can be developed and written into the Work Plan and SAP.

Field verification of the SAP is important to ensure thata quality objectivedDQOs9 for

the site investigatiowill be met. This step verifies that the selected assessment endpoints,
testable hypotheses, exposure pathway model, measurement endpoints, and study design are
appropriate and implementable at the sBg.verifying the field sampling plan prior to

conducting the flilsite investigation, weltonsidered alterations can be made to the study design
and/or its implementation if necessatychanging conditiongdentified during field verification
force changes to th&/ork Plan and/oEAP (e.g., selection of a differer@ference site), the
changes should be agreed to and documented by the risknaesetsamn consultation with
DWMRC.

Site investigation activities and sampling and analysis procedures should be clearly documented
in the Work Plan arfdr SAP. Howeverthe Work Plan and SAP should allow fostances
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where unexpected conditions arise in the field that indicate a need to change the study design.
The Work Plan and SAP should indicate that should the need arise, the ecological risk
assessment team willeealuate the feasibility or adequacy of the sampling design and any
resulting changes to the Work Plan or SAP will be agreed upon by both the risk assessment team
andDWMRC and will be documented in the Tier 3 s#gecific ecological risk assessment

repot.

When possible, any field sampling efforts for the ecological risk assessment should overlap with
other site data collection efforts to reduce sampling costs and to prevent redundant sampling.
The Work Plan and/or the SAP should specify the methoaéimh the collected data will be
analyzed. Both plans should address all fologinexposurenodel parameters, data reduction
techniques, data interpretation methods, and statistical analyses that will b©used.

completed, the documents shibble subritted toDWMRC. At the successful conclusion of the
review procesDWMRC will issue approvalsr approvals with modifications fahe Work Plan

and SAP and the site investigation, data evaluation, and risk characterizatioocsadp

Recommended Inofmation for Tier 3 sitesspecific Ecological Risk Assessment Work Plan
and/or Sampling and Analysis Plan

At a minimum, heTier 3 sitespecific ecological Work Plan and accompanying SAP (if needed)
should include:

A brief and concise summary of theanfation contained in theLERA Report.

The results of the problem formulation step for the Tier 3speific ecological risk

assessment including:

1 Summary of discussion and agreements WHMRC regarding the use of FOD in the

assessment.

Refined list of COPECs.

Further characterization of the ecological effects associated with site contaminants.

Review and refinement of information on contaminant fate and transport, complete

exposure pathwaysnd ecosystems potentially at risk at the site.

Review and refinement of the selection of sipecific assessment endpoints.

Development of the integrated CSM and associated risk questions.

Identification and discussion of the Supplemental Componentdackground

concentrations, frequency and magnitude of detection, dietary considerations, and any

additional considerations used in refining the list of COPECs.

Presentation and discussion of the integrated CSM.

Detailed presentation of all site inwiggtion activities and sampling and analysis

procedures including quality assurance/quality control requirements

1 Presentation and discussion of all assessment endpoints, risk questions, and testable
hypotheses.

1 The SAP should specify the relationship between measurement and assessment
endpoints, the necessary number, volume, and types of samples to be colledtssl, and
sampling techniques to be used.

1 The SAP should specify the data reduction and interpretation techniques and the DQOs

for the site investigation.

1
1
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1 Contingency plan(s) that anticipate situations that may arise during the site investigation
that requiremodification of the approaches documented in the Work Plan and/or SAP.
1 Detailed presentation of procedures for analyzingspeific data collected during the
site investigation
1 Identification and discussion of the methodology to be employed in thesesnaf
exposure response.
Identification and discussion of statistical techniques to be used in the Tier 3 assessment
Quantified exposure for each measurement receptor for each pathway.
Technical Decision Point summarizing agreement betweemnsk asgssment team and
DWMRC on the list of COPECSs, assessment endpoints, exposure pathways, and risk
guestions.

E

9.4.16 Analysis of Ecological Exposuresia Effects

Analysis of exposure and effects is performed interactively, evidanalysis informing the

other These analyses are based on the information collected duriS¢EiA, problem

formulation activities conducted in preparation for the Tier 3 assessment, and additional
information collected in developing the Work Plan and S&®th analyses are performied
accordance witthe data interpretation and analysis methods outlined in the Work Plan and SAP

In the analysis phase, the s#gecific data obtained during the site investigation replace many of
the assumptions made for tBeERA. For the exposurand ecological effects characterizations,
the uncertainties associated with the field measurements anthegtssumptionsnadewhere
site-specific data are not available must be documented in the Siterspecificecological risk
assessment report.

9.4.17 Characterizing Exposures

In the exposure analysis, both the ecological stressor and the ecosystem must be characterized on
similar temporal and spatial scales. The result of the analysis is an exposure profile that

guantifies the magnitude and spatiatl @@mporal patterns of exposure as they relate to the
assessment endpoints and risk questions developed during problem formulation. This exposure
profile along with a description of the associated uncertainties and assumptions serves as input to
the riskcharacterization.

Stressor characterization involves determining the stressor's distribution and pattern of change.
The analytic approach for characterizing ecological exposures should follow the methodology
specified in the Work Plan and SAP. For cheahstressors, a combination of fatedtransport
modeling and sampling data from the site are typically used to predict the current and likely
future nature and extent of contamination at a site. Amyspeeific information that can be

used to replacprevious assumptions based on literature searches or information from other sites
should be incorporated into the description of ecological conditions at the site. This information
and all remaining assumptions and uncertainties associated with thetehzation of

exposures at the site should be documented in the Tier§ositdic ecological risk assessment
report.
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Specifically, exposure to COPECSs released from facility contaminant sources is evaluated

through consideration of the exposure pathsviagluded in the integrated CSM. All exposure
pathways identified as potentially complete should be evaluated in the exposure assessment. The
summation of this potential exposure across all pathways for a measurement receptor defines the
exposure of thameasurement receptor to a COPEC. Exposure assessments are conducted
separately for each community and each measurement receptor.

9.4.18 Characterizing Ecological Effects
Following the methods for analyzing s#pecific data specified in the Work Plan and SAP, the
assembled information on ecological effects is integrated with any evidence of existing impacts

gathered during the site investigation (e.g., toxicity testing).

Exposureresponse Analysis

In this phase of the analysis, measurement endpoints are related to the assessment endpoints
using the logical structure provided by theegratedCSM. Any extrapolations required to relate
measurement to assessment endpdeng., between species, between response levels, from
laboratory to field) should be explained. Finally, an expesesponse relationship is described

to the extent possible (e.g., by a regression equation), including the confidence limits
(quantitatve or qualitative) associated with the relationship. Statistical techniques such as those
available InUSEPA s Pr oUCL s of t2®andethe(nmktodE ideidenty0

and/or describe the relationship between exposure and response from thatfeddould follow

the analysis procedure specified in the Work Plan and SAP.

When exposureesponse data are not available or cannot be developed, a threshold for adverse
effects can be developed instead, as irSiheRA. For the Tier 3 assessmehbwever, site

specific information should be used instead of conservative assumptions usegli&R®& If

a siteis analyzed using this approach, the methodology should be described in the Work Plan
and, as necessary, the SAP

Evidence of Causality

Demmstrating a correlation between the contaminant gradient at the site and ecological impacts
is an important component of establishing causality. Thus, it is important to evaluate the
strength of the causal association between the site contaminantsinndpghet on the

measurement and assessment endpoints. However, other lines of esiurndbe presented

in support or inthe absence of such a demonstration. Note that by itself, an expespoase
correlation at a site is not sufficientdemonstrate causality. The correlation must be supported
by one or more lines of evidence as well as an analysis of potential confounding factors at the
site. Criteria for evaluating causal associations are outlined WSHkePA  Bramework for

Ecologial Risk AssessmefiiS EPA, 1992d).
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9.4.19 Risk Characterization

The risk characterization section of the Tier 3-sppecific ecological risk assessment report
should include a qualitative and quantitative presentation of the risk results and associated
uncertainties.

9.4.20 Risk Estimation

For population measurement receptors, HQs and His should reflect the actual diet of the
receptor; the exposure and risk to multiple contaminants are additive (i.e., two or more
contaminants may affect the same target organsgamn systems and/or act by similar
mechanisms). Therefore, HQs and Hls calculated using TRVs based on different effects (e.qg.,
survivorship vs. reproductive ability), toxicity endpoints (e.g., NOAEL, LOAEL), and/or
exposure durations (e.g., acute, ciepshould not be summed to derive Hls. In these cases,
risk assessment efforts should be focused on the highest contributing COPEC or class of
COPECs which can reasonably be summed across effects, toxicity endpoints, and exposure
durations (USEPA, 1999a

Documentation of the risk estimates should describe how inferences are made from the
measurement endpoints to the assessment endpoints established during problem formulation.
For ecological risk assessments that rely upon multiple lines of evidestcengthof-evidence
approach is used to integrate different types of data to support the conclusions of the assessment.
The lines of evidence might include toxicity test results, assessments of existing impacts at a site,
or risk calculations comparingosures estimated for the site with toxicity values from the
literature. Balancing and interpreting these different types of data can be a major task and
require professional judgment. As already noted, the strength of evidence provided by different
types of tests and the precedence that one type of study might have over another should have
been established in the Work Plan. Taking this approach will ensure that data interpretation is
objective and not biased to support a preconceived result. Addsioeagthof-evidence
considerations at this stage include the degree to id@Dswere met and whether

confounding factors became evident during the site investigation and analysis phase of the risk
assessment process.

For some biological tests (e.tpxicity tests, benthic macroinvertebrate studies), all or some of

the data interpretation process should be outlined in existing documents, such as in toxicity
testing manualsin most caseiowever, thaVork Plan orfSAP (if available)must describe how
resulting data will be interpreted for a sifEhe data interpretation methods also should be
presented in the risk characterization documentattan.example, if the triad approach was

used to evaluate contaminated sediments, the risk estimaticonsgotiuld describe how the

three types of studies (i.e., toxicity test, benthic invertebrate survey, and sediment chemistry) are
integrated to draw conclusions about risk.

Where exposureesponse functions are not available or developed, the quotieradredth
comparing an estimated exposure concentration to a threshold for response can beussdd, as
in theSLERA. If possible, presentation of full expostnesponse functions is preferred as these
functions providWMRC with more information on whiclotbase site decisions. This
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guidance has recommended the use editencontamination gradients to demonstratesite
exposureresponse functions. Where such data have been collected, they should be presented
along with the risk estimates in the Tiesi specificecological risk assessment repddQs

and His (for contaminants with the same mechanism of toxicity), the results of in situ toxicity
testing, or community survey data can be mapped along with analytic chemistry data to provide a
clear piture of the relationship between areas of contamination and observed or expected
ecological effects.

In addition to developing point estimates of exposure concentrations (as provided by the hazard
guotient approach), it may be possible to develop alligtoin of exposure levels based on the
potential variability in various exposure parameters. Probabilities of exceeding a threshold for
adverse effects can then be estimated. As previously stated, the risk assessment team and
DWMRC should agree on thegecific analyses to be used in characterizing reskddocument

the procedures for the analyses in the Work Plan

9.4.21 Risk Description

Risk descriptions for Tier 3 assessments should document the environmental contamination
levels that bound the threshold for adverse ecological effects for each assessment endpoint. The
lower bound of the threshold should be based on consistent conseasgumptions and

NOAEL toxicity values while the upper bound should be based on observed impacts or
predictions that ecological impacts could occtihis upper bound should be developed using
consistent assumptions, sgpecific data, LOAEL toxicity Maes, or an impact evaluation.

The approach for estimating environmental contaminant concentrations that represent thresholds
for adverse ecological effects should be specified in the study design and documented in the
Work Plan. When higher trophlevd organisms are associated with assessment endpoints, the
study design should describe how monitoring data and contantraaster models will be used

to backcalculate an environmental concentration representing a threshold for effect. If the site
invedigation identifies a gradient of ecological effects along a contamination gradient, the risk
assessment team should identify and document the levels of contamination below which no
further improvements in the assessment endpoints are discernable oe@xpiedepartures

from the original analysis plan are necessary based on information obtained during the site
investigation or data analysis phase, the reasons for the change should be discussed with
DWMRC and the results of those discussions documentttki Tier 3 risk assessment report.

9.4.22 Additional Risk Information
In addition to developing numerical estimates of existing impacts, risks, and thresholds for
ecological effects, the risk assessment team should establish the context of the estimates by

describing their extent, magnitude, and potential ecological significafdditional ecological
risk descriptors are listed below:

1 The location and areal extent of existing contamination above a threshold for adverse
effects;

98



June 203

1 The degree to which the thredd for contamination is exceeded or is likely to be
exceeded in the future, particularly if expostesponse functions are available; and

1 The expected halffe (qualitative or quantitative) of contaminants in the environment
(e.g., sediments, food cmyiand the potential for natural recovery once the sources of
contamination are removed.

9.4.23 Uncertainty Analysis

There are several sources of uncertainties associated with ecological risk estimates. One is the
initial selection of substances of concern blase the sampling data and available toxicity

information. Other sources of uncertainty include estimates of toxicity to ecological receptors at
the site based on limited data from the laboratory (usually on other species), from other
ecosystems, or frote site over a limited period. Additional uncertainties result from the

exposure assessment, because of the uncertainty in chemical monitoring data and models used to
estimate exposure concentrations or dosesther uncertainties are included in redtimates

when simultaneous exposures to multiple substances occur.

Within the analysis each source of uncertainty should be identified and its impact on the risk
estimates and risk characterization discussértbertainty should be distinguished from

varnability. Variability arises from true heterogeneity or variation in environmental
characteristics and receptordncertainty, on the other hand, represents lack of knowledge about
certain factorswhich can sometimes be reduced through additional study.

In general, there are two approaches to tracking uncertainties through a risk assessment:

1 Using various point estimates of exposure and response to develop one or more point
estimates of risk; and

1 Conducting a distributional analysis to predict a distribution of risks based on a
distribution of exposure levels and expostgsponse informationWhether one or the
other or both approaches are taken should have been agreed to by the risk assessment
team andDWMRC and documented in the Work Plan.

9.4.24 Recommended Content of the Tier 3 Ecological Risk Assessment Report

In addition to the information delineated below, the report should include any other information
about the site which the risk assessanssiderelevant to evaluating the ecological risk at the
site. For purposes of clarity, it is recommended thatatthitional information be included in an
appendix to th&ier 3Report and merely referenced in the main body of the report text.

The results of the Tier 3 COPECs selection process should be presented in a tabular format
showing the final list of COPECsdm theSLERA, the refined list of COPECs developed during
Tier 3 problem formulation and technically defensible justification for each COPEC eliminated
from or added to the refined list of site contaminants.

The following items should also be includedhe Tier 3 Ecological Risk Assessment Report:
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1 A brief and concise but comprehensive summary of the information contained in the

SLERAReport.

The list of refined COPECs addressed in the Tiassssment.

A comprehensive summary of the results of alk Bigroblem formulatiomctivities.

A description of all deviations from the Work Plan and SAP, including the circumstances

that led to the deviations and the agreements BMHVIRC on how to address those

circumstances.

1 A description of all irfield modifications to the approaches outlined in the Work Plan
andbr SAP, including the circumstances that led to the need-feelthmodifications
and the agreements wiBWWMRC regarding the appropriate modifications for addressing
thosecircumstances.

1 Identificaion and discussion of the assumptions and uncertainties associated with the
analysis of ecological exposures and ecologtfalcts.

1 A demonstration of the correlation between the contaminant gradients at the site and the
ecological effects of the contamant gradients, including any supporting lines of
evidence needed to establish causality

1 Presentation and discussion of qualitative and quantitative risk results and the

uncertainties reflected in thesults.

Number, type and size of habitats preserth@assessmerarea.

Sources of informatioare usedo determinéhabitats.

Plant and animal species typical of thosditats.

All food webs developed for habitats occurring in the assessment area including:

o Media for which web is constructed,

o Division into trophic levels,

o Classspecific guild designations for each trophic level, and

0 Major dietary interactions.

Assessment endpoints selected for guilds and communities (and rgtionale

Measurement endpoints associated with identified assesendints.

Measures of effect selected for guilds and communities (and radionale

Integrated conceptual site exposaredel.

Estimated COPEC concentration in each component of each tiephic

Quantified exposure for each measurement receptor fompedicivay.

Summary of toxicity values used in the Tieassessment.

Results oHQ and Hicalculations for each receptor if this approach is used in the Tier 3

assessment.

Evaluation ofnature/magnitude of risk at each site

Qualitative analysis of impact of all identified uncertainties on the ecological risk

assessment process.

= =4 =4

= =4 =4 =4

= =48 -8_-49_9_9_°2_2

= =

10.0INTREPRETING RESULTS AND SITE MANAGEMENT

10.1 No Further Action
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If it is determined that the site qualifies fdFA or riskbased cleawclosure under the
requirements of UAC R31%501, then no corrective measuresraguired,and the site will not
be evaluated further.

It is possible that soil may qualify for NFA or ridlased cleaiclosure, but groundwater doest
meet these criteria. In these cases, special post closure restrictions may be required limiting
future use of groundwater.

A site qualifies for an NFA, oCorrective Action Complete without Contrplsrestricted land
use,or risk-based clean closeand nosite management plaBiP) status when the level of risk
present at the site is less than or equadB®6 as the point of departure for carcinogens and the
hazard index is less than or equal to one forcamginogens.This evaluation is basewh only

the residential land used exposure scendrlte NFA status in addition to the residential
exposure scenario has to meet other criteria (1) ecological effects as the site should be
insignificant (2) current impacts to groundwater at the site mest the groundwater protection
standards, (3) residual soil contamination present at the site should pose no future threat to
groundwater.

Alternatively, where the soil medium meets the criteria of an NFA, but the groundwater medium
does not meet the NFétiteria, the site may be divided into two media, the soil medium and the
groundwater mediumThe soil medium can be designatedN&#\, and the groundwater

medium will undergo further evaluation and may be restricted for its use or qualify as corrective
action complete with controls.

10.2 Mixed MediaNFA.

If it is determined that the site qualifies for NFA or ris&sed cleaitlosure under the

requirements of UAC R31%01, then no corrective measuresraguired,and the site will not

be evaluated further. It is possible that soil may qualify for NFAskrbrased cleawlosure, but
groundwater does not meet these criteria. In these thsex)il medium can be designated as
NFA, and the groundwater medium will undergo further evaluation and may be restricted for its
use or qualify as corrective actioaroplete with controls.

10.3 Corrective Action Completevith ControlgRestricted LantJsealong with
Requirements for Site Management Plan, (SMP)

A site may be considered foorrective action complete with controls or restricted landfube

level of riskpresent as the site is greater th&06 but less thadE-04. This risk range is

considered the risk management range or site management range for carcirogeas

carcinogens, the hazard index must be less than or equal tdloese risk levels and hazard

levels may be based on the actual land use exposure scenario evaluations could be residential or
industrial/commercial or construction exposure land use.

Please note that a site cannot enter into site management unless risks and hazards meet these

standards.Certain controls can be introduced into the SMP to mitigate rissresidential
land development where vapor intrusion may be driving risksn#ie floor of the building
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could be parking garages while the upleefel floors would be residentialOn the other hand,

vapor intrusion mitigation system may be constructed on the main floor for residential dwellings
to mitigate risks from vapor inhdlan. These types of controls are considered engineering
controls which are a subsect of land use controls (LUCSs).

Other controls such as institutional controls (ICs) that may be unique to development at a site
when the risk management range or siteaggment range is attained, could be mivse
development. Here development nimrestricted to having commercial/industrial development
on the main floor of the building while residential dwelling could be confined to the upper floors.
Note that sevea other land use control options may come into play depending espsitdic
conditions.

10.4 Corrective Action Requirements

Corrective action may be required at a site if the level of risk present at the site is greater than
1E-O4for carcinogens or adzard index greater than one for rzarcinogens for any of the land

use exposure scenarioalso, the following conditions at a site may trigger corrective action at a
site (1) ecological effects are significant at the site, or (2) groundwater contamisttndards

are exceeded esite or offsite, or (3) residual contamination present at the site poses a potential
threat to groundwater.
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